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CENTRIFUGAL CALCULATIONE BY THE 
“SPECIFIC SPEED” METHOD. 


By M. ‘Sruant, “MECHANICAL U. ‘Si 


The purpose of this is sto: anew 
methodof. solving problems arising in’ the selection, installa- 
tion, and operation of centrifugal fans. A considerable amount 
of the troubles experienced with fan installations result from 
the misapplication of fans to conditions for which they are 
not suited. The task of selecting a fan is divided into two 
parts: first, knowing the requirements as to quantity of air 
and head, and second, determining the proper type, size and 
_ Speed of fan to best meet these requirements. This paper is 

concerned mainly with the second part of this task, and the 

* methods developed will assist in selecting the. proper type of 

fan to be used, and will determine the correct size, speed and 
power to meet the requirements of a given installation. 

The essential element of what the writer chooses to call the 
“specific speed - method” of performing fan calculations: con- — 
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sists in expressing the diameter and speed of fans as functions 
of the quantity and head. The value of this method of 
treating the subject rests on the fact that in nearly all fan 
problems the quantity and head are known factors, and 
therefore by considering these as the independent variables, a 
simple and direct solution of problems may be obtained. 
There will also be presented a method of classifying and 
comparing fans which is based on the duty the fans are able 
_ to perform, and is independent of any of the details of design. 
Evidently this is a logical basis for classification, as fans with 
different structural features may give practically the same 
performance, and fans of apparently the design may 
vary in performance, due, for instance, to small differences in 
blade design. The fan user is interested primarily in the 
performance of the fan, and secondarily in the details of 
design. 
‘LAWS OF FAN PERFORMANCE. 


The formulae derived herein are based on two groups of 
laws which are well known to fan manufacturers. These 
laws are subject to theoretical demonstration, and have been 
proven to be substantially correct by numerous tests cf fans 
of various types and sizes. The first group of laws pertains 
to a given fan operating on a system with a fixed external 
. restriction. If the speed (rev. per min.) of the fan be changed, 
without changing any of the external restriction against which 
the fan operates, the following laws are effective : 

(a) The volume of air discharged by the fan will vary as 
the speed. 

(4) The pressure maintained by the fan will vary as the 
square of the speed. 

(c) The power required by the fan will vary as the cube of 
the speed. 

(d) The efficiency of the fan will remain constant. 

A second group of laws may be stated which will cover the 
change in size of a fan of a given design. In this case con- 
sider a fan of a certain design and size, operating at a given 
speed, and on an external system with a given restriction. 
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‘The external restriction may be replaced by what is known 


as an “equivalent orifice,” that is, an orifice at the outlet or 
inlet of the fan, of such a size that the performance of the fan 
is the same as when operating against the actual system. 
There may be constructed a fan of the same design as the one 
considered, but of different size, such that all dimensions of 
the new fan, including the ‘“ equivalent orifice,” are in some 
exact proportion to the corresponding dimensions of the given 
fan. This fan may be designated as a “ geometrically similar 
fan.” If the geometrically similar fan be run at the same 


speed (rev. per min.) as the original fan, the following laws 


connect the performance of the fans: 

(e) The volume discharged will vary as the cube of the 
ratio of the diameters of the fans. 

(z) The pressure maintained will vary as the square of the 
ratio of the diameters of the fans. 

(g) The power required will vary as the fifth power of the 
ratio of the diameters of the fans. : 

(2) The efficiency will remain constant. 

It is not the purpose of this paper to prove the foregaing 
laws,* but to use them immediately in deriving the funda- 
mental formulae of this study. 


DERIVATION OF FORMULAE. 


D = Maximum diameter at tip of blade, inches. 

N = Revolutions per minute, or speed. 

h = Static head, inches of water, at standard air density.* 
Q = Discharge, thousands of cubic feet per minute. 

P = Power required—horsepower. 

V = Tip speed, feet per minute. 

e = Efficiency. 


*Fora theoretical proof of these laws and the effect of air density see paper, ‘‘ Blower 
Performance,” by Wm. L. De Baufre, JOURNAL OF THE AMERICAN SOCIETY OF NAVAL 
ENGINEERS, February, 1916. Also see the following books: “The Fan,” by Chas. H. Innis, 
page 56; ‘‘ Fan Engineering,’ Buffalo Forge Co., page 179; ‘‘ Mechanical Engineer's Hand 
book,”’ Marks. Published by McGraw Hill, 1916; os on fans by E. B. Williams, page 
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Laws (a), (2) (c) and (@) may be — as follows : 


constant. D= = 


Laws (e), (/), (g) and (#) may be expressed as follows : 


e=constant. N = 


(1) and (4), (2) and (5), ( 3) and (6), may be combined to produce 


It is now desired to determine the variation of speed as 
_ effected by quantity and head for a constant efficiency and 
independent of diameter. To do this, equations (7) and (8) 
may be combined, and D,eliminated, as follows: 


from p= or 
from (8) ; D= or D = 
equating and solving for N 


For the special case in which #=1 and Q=1,N=C,; 
or, Cy) is the speed of a fan required to produce one inch static 
pressure and one thousand cubic feet of air per minute. We 
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(2). 
(3) 


(4) 
(5) 
(6) 
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may call C,, the “specific speed” of the fas, and designate it 
by the so that 


and 


It should be borne in mind at this point that equations (11) 
and (12) make no mention of the diameter of the fan required 
to meet these conditions. The variation of diameter, as 
effected by quantity and head, for constant efficiency, and 
independent of speed, may be dtenaued by eliminating N 
from equations (7) and (8) as follows : 


from (8); = on 
equating and solving for D 
C7D* . .C,D*’ Gk 


For the special case in which Q = 1 and =1, D=(C,,, 
or C,; is the diameter of a fan required to produce one inch 
static pressure, and one thousand cubic feet of air per minute. 
We may call C,, the “specific diameter” of the fan, and 
designate it by oe then 


birs 
and 
D; = DG tec. 
DEFINITIONS. 


We may now define the “specific fan” of a certain type 
of fan as a fan which is east Se similar to a given fan’ 


| | 
= 5 - 
static 
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of the type, and has such a diameter, Ds, and runs at such a 
speed, Ns, as to deliver one thousand cubic feet of air per 
minute at one inch static head at any given efficiency. 

The “specific speed,” Ns, of any fan, operating at a given 
efficiency, is the speed of a geometrically similar fan which 
is of such a diameter that it will produce one thousand cubic 
feet of air per minute at one inch static head at the same 
efficiency. 

The “specific diameter,” Ds, of any fan, operating at a given 
efficiency, is the diameter of a geometrically similar fan which 
is running at such a speed that it will produce one thousand 
cubic feet of air per minute at one inch static pressure, at the 
same efficiency. 


SIGNIFICANCE AND USE OF Ns AND Ds. 


If for any fan, operating at a certain efficiency, the head, 
quantity, speed and diameter are known, the specific speed of 
the fan at that efficiency may be determined from equation 


(12), 
Ns; = N 


and the specific diameter at that efficiency may be determined 
from equation (15), se 


Conversely, if the specific speed and specific diameter of a cer- 
tain fan or type of fan be known at any efficiency, the actual 
speed and diameter of a geometrically similar fan required to 
produce any desired quantity and head, at the same efficiency, 
may be determined from the formulae (11) and (14) ; 

N= Ns D=D, 

SPECIFIC POWER. 


The power required by the specific fan, at any given effi- 
ciency is best obtained from the expression for air horsepower ; 


| | 
| 
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Air HP. = _ Quantity x head X 5.2 
33,000 


in which quantity is expressed in cubic feet per minute, head 


in inches of water, and 5.2 is the pounds per square foot equiva- 
lent of one inch of water head. This reduces to 


which equation evidently applies to all fans. For the = 
fan, Q= 1h =1, then 


and, from (16) and (17), (ig. 
SPECIFIC TIP SPEED. 
The tip speed of the specific fan, Vs, = feet per minute 
linear speed of the tip of the blades = aPaRs, Substituting 
for Ds and Ng their values from equations (12) and (15), 


xDN 


120% 12h 


but 
and 1034 


Equations (19) and (20) apply for a given fan or geometrically 
similar fans at constant efficiency. 


COMPARISON OF FAN CHARACTERISTICS—UNIT FAN. 


A comparison of the usual characteristics of quantity vs. head, 
quantity vs. efficiency, and quantity vs. power, isdesirablein any 
study of the comparative performance of fans. Thiscomparison 
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is best made by reducing the performance of the fans toa com- 
mon basis of unit-fan size and speed. For this purpose the 
“unit fan” of a given type will be defined as a fan geometric- 
ally similar to a given fan of the type, but having a diameter 
of one foot and running at a speed of one thousand revolutions 
per minute. The characteristics of this unit fan may be de- 
termined from the known characteristics of the given fan or 
type in the following manner : 

Notation for unit fan formulae. 
‘d= diameter of given fan, feet. 

dy = diameter of unit fan, feet = 1. - 

n = speed of given fan, thousands or rev. per minute. 

#tu = speed of unit fan, thousands or rev. per minute = 1. 

h = head of given fan, inches of water. 
Aw = head of unit fan, inches of water. 

Q = quantity discharged, given fan, thousands of cubic feet 

per minute. 
Qu = quantity discharged, unit fon, thousands of cubic feet 
per minute. 

Pu = horsepower of unit fan. — 
From (7) v= cnd® ; 


also Ou = = 

From equation (8) 4 = cna’; 
also hu = cn,’ ; 

hu ony 
then rey er) or 

h 


Equations (21) and (22) apply at constant efficiency. Pu 
may be obtained directly from sanation (16), which ApRIS to 
all fans, 
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= Qh 
Py (23). 

At this point it will be well to distinguish between the two 
methods which have been derived for reducing the perfor- 
mance of fans to a comparable basis. There are four principal 
factors involved in performance, viz: diameter, speed, quantity 
and head. The specific-speed method reduces the performance 
to a basis of unit quantity and head and variable diameter 
and speed. The unit-fan method reduces the performance to 
a basis-of unit diameter and speed and variable quantity and 
head. The unit-fan method may best be used to compare the 
operating characteristics of fans. The specific-speed method 
and formulae are best adapted to solving most of the numerical 
problems concerning the performance and selection of fans. 


‘COMPUTATIONS FOR SPECIFIC AND UNIT, FANS. 


From the foregoing it may be gathered that the basis for 
making the computations required to cover the performance 
and design of a type of fan consists.of data from a test of a 
certain fan of that type. The data should include quantity, | 
head, speed and efficiency, and the diameter of the fan must 
be known. Computations have been made for the ‘specific 
fan” and the ‘‘unit fan” of a number of types of fans, test 
data for which have been kindly furnished by manufacturers 
and obtained from published results of tests. 

Briefly, the method of performing the computations for a 
type of fan consists in selecting simultaneous values of quantity, 
head and efficiency from the characteristic curves obtained 
from a test of any fan of the type, and computing the values of 
Ns, Ds, Vs, 4a, Qu, and Py by means of the formulae previously 
derived. As an illustration, complete computations are given 
in Table I for fan type “ A.” The basis for these computa- 
tions consist of the characteristic curves shown in Fig. 1 


4 
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which were obtained from a test of a 120-inch diameter fan of 
type “A” running at 145 revolutions per minute. The sig- 
nificance and source of the items in Table I are: 


Item 1 = Static efficiency, per cent., from curve Fig. 1 cor- 
responding toQ. _ 

Item 2 = Quantity discharged, thousands of cubic feet per 
minute, selected from curve Fig. I. 

Item 3 = Static head, inches of water, from curve Fig. 1, 
corresponding to Q. 

Item 4 = Item 2". 

Item 5 = Item 3'. 

Item 6 = Item 5}. 

Item 7 = Item 6°. 


= Specifie’speed, Nj = 345% 


Item 7 
_ DH _ 120 X Item 6 
Item 9 = Specific diameter; D, = a tor 
Item 10 = Specific tip speed ; Vs 
4,606 
Ttem 5 5 
Item 11 = Unit quantity, Qu = ae in which 
Qu = thousands of cubic feet per minute discharged Wy 
unit fan, 


nm == thousands of rev. per minute =o. 145, 
d = diameter, feet, = 120 + 12 = 10 feet, 


QO __ Item 2 
"0.145 X 1,000 


Item 12 = Unit head, Zu = eas in which 


n = thousands of rev. per minute = 0.145, 
d = diameter, feet = 10, 


h h 3 


q 

‘4 
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. The types of fans for which computations have been made 
are briefly described as follows: 
Fan A.—Steel-plate fan, radial blade, cma width, single 
inlet. 

Fan B.—Similar to “A,” except double inlet. 

Fan C.—Propeller fan, single wheel, without casing. 

Fan D.—Steel-plate fan, radial blade, narrow width. 

Fan E.—Multiblade fan, forward tipped blade, standard 
width, single inlet. : 

Fan F.—Similar to “ E,” except double inlet. 

Fan G.—Cone fan, backward tipped blade, standard width, 
single inlet. 

Fan H.—Cone fan, forward tipped blade, double’ width, 
double inlet. 

Fan I.—Propeller fan, double wheel, double inlet, in casing. 


Fans of type “A” and “ B” are used largely for heating and 
ventilating work where the speeds may be low, and the size 
is not an important factor. Formerly these types were widely 


‘ used in the naval service, but recently they have been sup- 


plemented by types “ E,” “F” and “H”. 

Fans of type “‘C” and “1” are used almost exclusively for 
ventilating work where tlie volume is large, and the head 
relatively small, and the somewhat lower efficiency of this 
type is not objectionable. This type has certain advantages, 
among which are ease of installation, as it may be placed in 
a wall or floor between two compartments. The propeller 
type of fan has not been formerly used in the naval service, 
but a recent battleship has an installation of a propeller fan 
in the evaporator room... 

Type is used largely for supplying blast to. 
and forges where bp head is high and the quantity is aclatively 
small. 

Types and “B” are used for heating and 
having the advantages over the plate fan for this service of a 
smaller size, flat quantity-head characteristic, and slightly 
better efficiencies, The superiority of the multiblade fan over 
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the steel-plate fan for all installations is frequently overesti- 
mited, however. It will be shown in this paper how the 
particular requirements of each installation must be considered 
in selecting the most suitable type of fan. 

Fans of type “G” are used for forced-draft work, and in 
the naval service are used largely to supply forced draft on 
destroyers. Fans of type ‘‘H” are used for ventilating and 
forced-draft duty, and in the naval service are used frequently 
‘for forced draft in battleships. 

The results of the computations for these nine types of fans 
have been presented in the form of curves on Figs. 2 to 9,. 
inclusive. Each of these figures contain a group of similar 
curves for all of the types considered. Before illustrating the 
use of these curves and the previously derived formulae in 
solving problems, it will be well to make some general 
observations regarding the curves. 

Curves on Figure 2 show the relation between specific speed 
and efficiency for the several types of fans. From formula 
(11) it is seen that, for any definite values of quantity and 
head, the actual speed of a fan is proportioned to its specific © 
speed. It is also an evident fact that any type of fan may 
be used to produce any desired values of quantity and head, 
within certain limits, if the fan be made of the proper size 
and run at the proper speed. From Fig. 2 it is seen, however, 
that each type of fan operates at its best efficiency at only 
one value of specific speed, and therefore at only one particular 
actual speed, for certain desired values of quantity and head. 
At speeds either greater or less than this best speed the effi- 
ciency falls off. 

This shows immediately the importance of selecting the 
proper speed at which a fan of a given type is to operate in 
order to produce a given quantity and head at good efficiency. 
It is further seen that the various types of fans reach their 
best efficiencies at widely different values of specific speed, 
and therefore of actual speed. These properties of the specific 
speed curves suggest their use in selecting fan types and in 
solving problems involving speed. The specific speed curves 
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also provide a basis for the classification of fans according to 
the speed at which the maximum efficiency occurs. 

Thus, fan type “ D” is a “low specific speed” fan because 
its maximum efficiency occurs at a specific speed of 640 revo- 
lutions per minute. Types “A” and “B” belong to a class 
whose specific speed varies from 600 to 800 at good efficiencies, 
and may be called medium speed types. Types “E” and 
“” are most efficient at values of N; = goo, and types “C” 
and “I” are extremely high specific speed fdns. In general 
the low specific speed types are more efficient. Certain types 
of fans have efficiencies over a wide range which are nearly 


equal to their best efficiency, and other types have a rather 


limited range in speeds over which the efficiency is good. 

At this point a careful distinction must be made between the 
actual speed of a fan and its specific speed. It is true that 
the actual speed is proportional to the specific speed, as before 
stated, but it is also observed that fans with low specific speeds 
may operate at high actual speeds. An inspection of the 


specific speed formula, N = N; a shows that for relatively 


high values of head it is necessary to use a type of fan with a 


_ low value of Ns in order to prevent; the actual speed from 


reaching excessive limits. For this Treason low specific speed 
fans are used for high heads, and high specific speed fans for 
low heads. 

Figure 3 shows the relation between “ specific diameter” 
and efficiency for the several types of fans. From formulae 
(14) it is seen that the actual diameter of a fan of a certain 
type is proportional to its specific diameter for a given quantity 
and head. This group of curves shows that each type of fan 
operates at its best efficiency only at one value of D; and 
therefore at only one actual diameter or size for given values 
of quantity and head. For diameters larger or smaller than 
this the efficiency decreases. ‘This shows the importance of 
designing for correct size, and suggests that the curves may 
be used to solve problems involving diameter or size, as well 
as to classify the types of fans according to size. Thus, “ H” 
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and “I” may be classified as small fans, and “ fis is a 7 : 
diameter fan, for the same service. ta 

From Fig. 2 and 3 it is noticed that there are two different 
specific speeds at any efficiency, except the maximum, and 
two corresponding values of specific diameter. ‘The relation 
between specific speed and specific diameter is shown on Fig, 
4, where N; is plotted against D,, independent of efficiency, 
This plot shows that each value of N; has a corresponding 
value of Dg, the lower value of N; corresponding to the higher 
‘value of D;. ‘That is, as the size of a fan is increased the 
speed is decreased, the requirements as to quantity and head @ 
remaining constant. Therefore in working with curves 2 3 
and 3 when there is a choice between two diameters and two | 
corresponding speeds; at a given efficiency, it is only necessary “J 


to bear in mind that the larger diameters must be associated | 


with the lower speeds aiid vice versa. 4 

It is observed that all the curves of Fig. 4 appear to be of | 
the hyperbolic form. If these curves were rectangular hyper- = 
bolas their equation would be D;N; = constant, and this 
would correspond to constant tip speed of the specific fan. 4 
Lines of constant specific tip speed have been drawn in on | 
Fig. 4 for the purpose of analyzing this property of the curves. 
Fig. 4 may be used to compare directly the relative sizes of @ 
various types of fans required for fixed conditions of quantity, 4 
head and speed. Likewise they may be used to show relative | 
speeds required by various types for fixed conditions of quantity, 
head and diameter. - : 

Tip speed may be made the basis for the classification of 4 
fans. Equation 20 shows that, at any given head, the actual 
tip speed of a fan is proportional to its specific tip speed, Vs. | 
From Fig. 5 it is seen that fans from types E and F have | 
the lowest tip speed, Vs, being about 3,000 feet per minute at | 
the best efficiency. Types D and H have a specific tip speed 7 
of about 3,400 and types G and I have the highest tip speed, 4 
reaching between 6,000 and 7,000 at good efficiencies. For | 
any desired head each type of fan must operate at ‘only the 
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values of V, and the correspon:.'ng values of tip speed, as 
indicated by these curves, in order to obtain a good efficiency. 
Fig. 6 shows that for given values of quantity and’ head 
some types of fans have a constant value of tip speed over a 
wide range of diameters, and that for all types of fans the tip 
speed increases rapidly as the size of the fan is decreased. 
Fig. 7 shows that for most types.of fans there is a range . 
in speed (rev. per minute) over which the tip speed is constant, 
and that for higher speeds the tip speed rapidly increases. 
Fig. 8 contains the usual quantity head characteristics for all 
the types, reduced to a common size of one foot diameter and 
1,000 revolutions per minute. The well known characteristics 
of the multiblade, plate, cone and propeller types of fans may 
be recognized. The line of theoretical tip speed pressure is 
drawn in to show to what extent the pressure of the various 


2 
fan types reaches the value of 2 corresponding to = The 


curves of Fig. 8 may be used to compare characteristics, or 
in making a selection of type, but are not well adapted to the 
solution of problems. 

Fig. 9 shows that the quantity-efficiency chiwacterlatics of 
all fans are of a quite similar shape. These curves may be 
of use in the selection of a type of fan, but are not adapted to 
the solution of problems. ; 


SOLUTION PROBLEMS. 


In problems concerning the saleition and performance of 
fans, the usual factors are: type of fan, size or diameter, speed, 
quantity, head, efficiency, and power. In any problem a cer- 
tain number, usually four, of these factors are known or as- 
sumed, and the remainder determined. The use of the 
formulae and curves of this paper in solving problems in fan 
engineering will be illustrated by means of working out sev- 
eral definite examples. 
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Given: Type of fan = D 
Diameter = 30 
Quantity = 6,000 cubic feet per minute ; : 
Head = I0 inches. 


Determine : efficiency and power required. As the 
diameter, head and quantity are known, the specific diameter 


be computed from formula. D 


2.45 


for ne = 21.78, it is found that 
N; = 660; then from formulae 


= revs. minute. 


N = we have N = 6605 


660 X 5.63 
From Fig. 3, for Ds = 21.78, it is found that ficieny = 
61.8 per cent., then the power required, ; 


p — 0-1573Qh _ 0.1573 X 10 X 6 


5.618 = 15.28 


“Given Type of fan = 
Speed = 360 revolutions per minute ; ; 
_ Head = 4 inches. 


Determine : Quantity, efficiency and power. ‘Tp speed, 


300 = 7,920 feet per min. Specific 


tip speed, V, = 


| 
: (11), 
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From Fig. 6, for ‘V5 Ds = 17.5. 
(1 5)) De = OP then 


substituting vale 


46,000 feet per minute. 


From Fig. 5, for Vs = 3,960, eff. = 0.530 = 53 per cent. 


Horsepower required = = x4 54-5 horsepower. 


These ‘ae may be checked thus : 


from Fig. 7, for Vs = = 
_ from Fig. 2, for Ns = 870, eff. = 0.530; 

from Fig. 4, for Ns = 870, Ds = 17.5; 

from Fig. 3, for D; = 17.5, eff. = 0.530. 


If it is desired to see at what point on the characteristic 
curve the fan will be operating for these conditions, this 
information may be obtained from the curves for fan A on 
Figs. 8 and 9, 

from Fig. 9, for 53 per cent, efficiency, Qu = 0.375, anil 

from Fig. 8, for Qu = 0.375, Au = 0.625. 

This is a good operating point for a plate fan, and is at 
about ‘the = | on the characteristics at which =_—— 
fans are rated. 
vd Example 


Given: “Type of fan = -G; 
Sped = = 1,500 rev. per minute ; 
Quantity 30,000 cubic feet per minute; 
Head inches. 
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Determine: Diameter, efficiency and power. 


Qt V 30 1,500 X 5.477 
From equation (12), Ns = N Fi = 1,500 a= 
= 2,142 rev. per minute. 
From Fig. 4, for a value of Ns = 2,142, Ds = 11.6; 


Then, from equation (14), D = Ds 2 


D = 11.6 X UP 11.6 X a 40.5 inches. 
From Fig. 2, for Ns = 2,142, efficiency = 0.505. 
0.1573 X 6 X 30 

0.505 
A 4o}-inch diameter fan would probably require a special 
construction. If 42 inches is the next nearest stock size of 
this type, the cost of this would probably be less than the 
construction of a special fan. Assuming a 42-inch diameter 


fan, solve for speed required to meet the given conditions of 
quantity and head. 


Power 


= 56.0 horsepower. 


At 1.568 
Ds 2x 


From Fig. 4, Ns = 2,005, and N= NS 


= 12.03; 


N = 2,005 5733 1,405 revolutions per minute. 


From Fig. 2, for Ns = 2,005, efficiency = 52.3 per cent ; 


_ 0.1573 X 6 X 30 
Power = 0.523 54.2 

The sail fan will require a speed of only aes and 
a horsepower slightly smaller than that required by the 40.5-_ 
inch fan. If the speed can be reduced ‘to 1,405 revolutions per 
minute, the 42-inch fan should be installed ; if the speed must 
be maintained at 1,500 revolutions per minute a special fan 
with a diameter of 40.5 inches, and all other dimensions in 
proportion to the standard size fan, must be constructed. 


CENTRIFUGAL FAN CALCULATIONS. 
Example IV. 
Given: Quantity = 36, 000 cubic feet per minute; 
Head inches; 


Speed = 1,200 revolutions per minute. 
Eff. = at least 40 per cent. 


Determine: Type of fan to be used, diameter and power 
required. 
The quantity, head and speed being known, the specific 
speed may be computed from equation (12) Ns = N = = 1,200 
__ 1,200 X 6 
be selected. From Fig. 2, at N; = 1,385, it is seen that fans 
G, H, E and F are available, for these-have efficiencies above 
the lower limiting value of 40 per cent. These fans will be 
compared by the tabulation following: 


= 1,385. A fan with this value of N; must 


Fan. H E 


Cone, single'Cone, double 
width, back. width, for- |Single width|Single width 


ward tipped. : | multiblade. | multiblade, 


Tip speed, feet per min. 


On a basis of best efficiency G, of course, would be selected. 
This fan, however, is considerably larger and would cost much 
more than either of the other fans. Also, the tip speed is 
high, and thus calls for a more rigid construction. Between 
fans H, E and F, there is not much choice on a basis of diam- 
eter, but fan H is the most efficient of the three, although, 
being double width, would weigh and cost more than either 


F 

Speed, 1,200 | 1,200 1,200 1,200.) 

. Diameter, inches......... * 53.2 31.8 33.0 31.5 

Efficiency....... 0.56 0.49 0.46 0.45 

16,700 10,000 10,700 9,900 
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E or F. Between fans E.and F the selection would probably 
be type F, because it is smaller, has a lower tip speed, and 
requires only slightly more power than fan E. The conclu- 
sion is that fan G should be selected if the basis is efficiency 
only, and fan F wae be ea alge ona basis Aoi first cost and 
size. 

_ Other types of problems arising | in fan engineering may ‘we 
solved by the use of the curves and formulae, examples of 
which cannot be given on account of lack of space ; for in- 
stance, the diameter, quantity, head and efficiency may be 
given and the type and speed determined ; or the type, diam- 
eter, quantity and speed may be given and the head, ‘ead 
and power determined. 

The choice of type of fan is often made upon a basis of the 
shape of the capacity head characteristic. For instance, in 
heating and ventilating work, or in forced draft for oil-burn- 
ing installations, it may be desirable to have a constant pres- 
sure over a wide range of volume at constant fan speed. This 
would call for a “ flat characteristic” of the type shown by E, 
F or H, Fig. 8. In mechanical-stoker on gas-producer work © 
a “steep characteristic” is desired, such as would be obtained 
from fans of type A, Bor D. In these cases, only those types 
having the desired characteristics need to be considered in 
selecting the type, size and speed of fan required to meet the 
conditions of a given installation. 

Choice of type may also be based on the amount and char- 
acter of the noise produced, and this is an important factor in 
hotel, office and theater installations, and recently has received 
consideration in the selection of the —— fans for de- 
stroyers in the naval service. 

The shape of the quantity-power denbaaiatviie should also 
receive consideration in the selection of the type of fan. In 
certain installations it is important -that the fan should not 
overload the motor if the resistance to the flow of air is re- 
moved and thus result in a large increase in the quantity of 
air discharged. ‘This calls for a power characteristic at con- 
stant speed which reaches a maximum near the rated quantity, 
and falls off for larger quantities. 
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CONSTRUCTION OF CONSTANT SPEED CHARACTERISTICS, 


When the type, diameter and speed of fan have been selected 
for a certain installation, it is desirable to have complete 
characteristic curves of capacity vs. head, efficiency and power 
for the speed at which the fan i is to operate. Data for these 
characteristic curves may be obtained most readily from the 
unit-fan curves. Simultaneous values of Qu, Ay and efficiency 
are selected from the unit-fan curves for the given type of 
fan on Figs. 8 and 9, and the corresponding values of 24 
and P are computed from equations (21), (22) and (23). 

_ As an example of the method of plotting these curves, the _ 
computations will be made for the fan computed in problem 
I. This is a 30-inch diameter fan of type D running at 1,515 
revolutions per minute. The source of the items of Table II, 
by means of which the computations are made, are as follows: 
Item 1. = Quantity discharged by unit fan, thousands of 
cubic feet per minute, selected from curve for 
type D, Fig. 8. 
Item 2. = Static efficiency, from curve of type D, Fig. 9, 
corresponding to item 1. 
Item 3. = Static head for unit fan, inches of water, from 
~ curve of type D, Fig. 8, corresponding to item 1. 
Item 4. = Quantity, actual fan, thousands of cubic feet per 
minute, from formulae (21). 
QO = Quad’, in which 
Qu = item = 1.515, 
d= 25; d = 15.695, 
or Q =item 1 times 23.68. © 
Item 5. = Static head, actual fan, inches of water, from 
formula (22), 4 h= = hyn’a’, in which 
Ay = item 3, n= 1.516 515 = 2.295, 
d?= 2.5 = 6.25; then & = item 3 times 14.33. 
Item 6. = Horsepower oo actual fan, from forming 
16 
P= _ ous 0.1573 item 4 item 
item 2 
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TABLE II.—COMPUTATIONS FOR CONSTANT SPEED CHARACTERISTICS. 
Fan TyPE D; DIAMETER = 30 INCHES. SPEED = 1,515 R.P.M. 


N 
NCHES OF 


a 


iN 


& 2. 2 


EFFICIENCY- PER CENT 


\ 
\ 
N 


| 


6 
OS OF CUBIC FEET PER MINUTE 


Fic. 10.—CONSTANT SPEED CHARACTERISTICS OF 30-INCH FAN, TYPE D, 
SPEED, 1,515 R.P.M. PLOTTED FROM TABLE II. 


636 
he Q h P 
0.05 | 0.43 0.850 1.182} 12.18 5.26 | 
0.10 0.62 0.870 2.368 12.47 7.50 
0.15 0.694 0.852 3.550 12.20 9.83 
0.17 0.70 | 0,836 4.025 11.97 10.81 
0.20 0.685 0.792 4-735 11.34 | 12.60 
| 0.25 0.623 0.705 5-915 10.10 15.10 | 
0.30 0.545 0.605 ae 8.68 17.76 
0.35 0.45 -| 0.495 .280 7.10 20.55 
) 0.40 0.335 0.372 9.47 5-33 23.70 
‘ 0.45 0.20 | 0.230 | 10.64 3.30 27.60 | 
~ 
/ 20% 
i =< 15 
Q:THOUSAN 
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‘The values of Q, e, 4 and P thus obtained, when plotted 
as in Fig. 10, form the usual characteristics covering the 
performance of the fan at constant speed. : 

Data for curves at other speeds may be ‘sealaputedt by means 
of an extension Table II, and a group of curves for various 
speeds thus plotted on the coordinates of Fig. 10, which will 
present the complete performance of the fan. 


- CONSTRUCTION ‘OF CONSTANT HEAD CHARACTERISTICS. 


> 


Another type of characteristic for a given fan which is 
sometimes desired is that showing the fan performance at 
constant static head. For instance, in forced-draft installa- 
tions the quantity requirements may vary over a wide range, 
depending upon the number of boilers in service, and at the 
same time the pressure required in the fireroom, or under the 
grates, should remain constant. In this case it is desired to 
know the variation in speed and power required to produce 
the various quantities at constant head. 


TABLE I1I.—ComPuTATIONS FOR CONSTANT HEAD CHARACTERISTICS. 
Faw Type D; DIAMETER = 30 INCHES. HEAD = I0 INCHES. 


Q D; md N; P 


37-70 0.610 
26.70 | 0.699 
21.78 660 0.618 
18:85 | . 6 0.520 © 
16.85 0.432 
15.40 | 0.360 


Results plotted on Fig. 11.. 


As an illustration, computation will be made for the char- 
acteristics of the fan of problem I, when operating against a 
constant static head of 10 inches. The computations may be 
most easily made by means of a tabulation, as given in Table 
: III, the source of the items of which is as follows: 


Vv 
Item. ‘I 2 3 6 
I 1.414 5-16 | 10,950 
2 4.0 | 2,000. 9.00 _| 11,070 
3 6.0 2.449 15.28 | 12,000 
“4 8.0 2.828 24.20, | 12,970 
5 10,0 3.162 36.40 | 14,270 
6 | ‘12.0 | 3.464 52.50 | 15,550 
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Item 1. = Q, quantity, thousands of cubic feet Per ieee, 
assumed values. 


= Ds, from formula (15); D= 


Qi 


30X70 53:37 
Bi ‘Ttem 2° 


Item 4. = Ns, corresponding to. item 3 from curve for fan 
type D on Fig. 4. 

' Item'5. = 'N, speed of fan, rev. per minute from formula 

’ 


N= 10°. 5-63: N= “item 2° 


6. = to. Ds, item 3, from 
curve for fan type D, on Fig. 3. 
Item 7. = Horsepower, from formula (16), 
HP —2: Qh _.0:1573 X item1 x 10. 
6. 
Item 8. = Tip asa of fan, feet per minute, from equation, 
— 7DN _= X 30 X item 
12 


The values of Q, P, ¢, N and V thus obtained may be plotted 
as shown in Fig. 11 to form the characteristics of the fan at a 
constant head of 10 inches. If the maximum safe tip speed 
for this type of fan is 14,000 feet per minute, the maximum 
quantity obtainable, and the corresponding speed, efficiency 
and power for 10 inches static pressure may be obtained as 
shown on Fig. 11. 

Data for the constant speed characteristics for any size fan 
of a type may also be computed from the curves of specific 
speed and specific diameter of that type. Values of Ns and 
Ds corresponding to certain efficiencies are selected from the 
specific fan curves, and the desired data for the characteristics 
_ computed by means of equations (12), (15), and (16). 
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ET PER MINUTE 


FE 


TIP sPEE 


SPEED-R.PM. 


POWER-H.R 
8 


2 4 6 8 10 
THOUSANDS OF CUBIC FEET PER MINUTE 


Fic. 11.—CONSTANT HEAD CHARACTERISTICS OF 30-INCH FAN, TYPE D, 
HEAD = 10 INCHES, PLOTTED FROM TABLE III. 
SUMMARY. 


The’ specific speed and the specific diameter of a fan op- 
erating at any given efficiency are defined as the speed and 
diameter, respectively, of a geometrically similar fan which 
will deliver one thousand cubic feet of air per minute against 
one inch static héad at the same efficiency. The formulae 


for speed, Ns = Q' for diameter, D; = 


Do are = from the known laws of _ performance. 
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From test data of a given fan, computations are made of N, 
and D, at various efficiencies, and the values of N,, D, and 
efficiencies are plotted in the form of three curves drawn to 
the codrdinates of figures 2, 3 and 4, respectively, which cover 
completely the design and performance of all fans which are 
geometrically similar to the fan tested. 

The formulae and curves developed in this sist vy be 

used to serve the following purposes : 

(7) To classify fan types according to speed, size, tip speed, 
Sheency or shape of characteristics. 

(7) To compare performances of individual fans or of ie 
of fans. 

(2) To select the piopes type of fan for a particular service. 

(2) To determine the proper diameter and speed of a fan to 
meet certain requirements of quantity and head. 

(m) ‘To construct constant ea and constant head charac- 
teristics. 


(n) To solve the df 


It is believed that.the adoption of the specific speed method 
of performing fan computations by those concerned with the 
design, installation and operation-of fans, will serve to place 
the selection of fans on a more exact basis, and to simplify the 
solution of problems dealing with fan performance. 
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SOME EXPERIMENTS IN NATURAL-DRAFT | 
OIL BURNING. 


By LIEUTENANT (J. G.) L. R. Forp, U. S. N., MEMBER, 


While the writer was engaged in an attempt to develop a 
successful oil-burning system on the U.S. S. Fulton it was 
found that there was a very little printed information avail- 
able regarding natural-draft oil burning. Navy Department 
publications and recent issues of the JOURNAL have contained 

interesting and valuable information regarding forced-draft 
oil burning, This information, from both sources, is so detailed 
that successful forced-draft oil burning requires only careful 
adherence to instructions. Little has been published regard- 
ing the efforts, more or less successful, that have. been made 
on various ships to. burn oil under the boilers with natural 
draft and mechanical atomization. For this reason it is 
. thought that these notes on the series of tests made and the 
very successful system now in operation: on the Fulton will 
be of general interest. 
__ At the time the ship was commissioned the steam necessary 
to operate the auxiliaries was supplied by a Roberts water- 
_ tube boiler equipped with one large burner which used either 
steam or air as the atomizing agent. The air for combustion 
was supplied by natural draft through two small ventilators 
and through the door between engine room and fireroom. 
After a disastrous furnace explosion, due to the burner flame 
being extinguished and the furnace becoming filled with ex- 
plosive gas, which ignited, the Bureau ordered this burner 
removed. The boiler was then fitted with two of the Bureau’s 
Standard, Type B, air registers and Type I burners. These 


burners atomize the oil mechanically and are designed for use 
with forced draft. 
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During the last overhaul period at the navy yard exten- 
sive alterations were made in the machinery installation in 
accordance with the recommendations of the Trial Board, in- 
cluding the installation of ‘an additional boiler, this boiler 
being of the Almy water-tube type. The installation of this 
boiler necessitated a complete rearrangement of all machinery 
and piping in the fireroom and the meving of the old boiler 
to the side of the fireroom, to make room for the new one. 
This rearrangement resulted in a very crowded condition 
and curtailed the already limited air supply. 

‘As soon as the ship was ready to leave the navy yard’ the 
burners were lighted under one boiler and it was at once evi- 
dent that the combustion was very poor. The incomplete 
combustion resulted in the formation of dense black smoke 
and caused a thick, heavy soot and an asphaltum residue to 
deposit on all the heating surfaces and on the inside of the 
casing and smokepipe. The bad furnace conditions were 
aggravated by the forcing required to meet the extra de- 
mand for steam, caused by severe weather conditions. More 
trouble was experienced with the new boiler than with the 
old one, due to several reasons: This boiler was farther from 
the fireroom door, and the connection between uptake and - 
smokepipe very indirect, consequently the draft was poor. In 
addition to this the space between tubes in this boiler is very 
small, so that the soot quickly clogged the tubes. For these 
reasons the Roberts boiler was depended upon to supply steam, 
with a little help occasionally from the Almy boiler. — 

While various schemes for improving the furnace condi- 
tions were being tried the condition of the Roberts boiler 
became rapidly worse. The ‘construction of this boiler is 
such that the main generating tubes cannot be cleaned on the 
fire side without putting the boiler out of use. As a result 
the soot and residue rapidly collected, greatty a the 
draft and the evaporative capacity. = 

Small, portable, electric blowers were placed on the fire- 
room-floor plates so as to discharge against the registers in the 
furnace front. This helped only slightly. A sheet-metal 


: 
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box was built on the boiler front so as to completely ‘enclose 
the registers and burners. This box was made airtight and 
connections were made for two }H.P. portable blowers. 
This device proved to be a failure, as these blowers did not 
have capacity enough to supply the’ air they 
could not produce a pressure in the air box. : 

The air box was then removed and a smaller one constructed, 
that would stand on the floor plates in front of the burners. 
Two }-H.P. blowers were connected so as to discharge into 
-this box. ‘T'wo'sheet-iron pipes, 2 inches’ in diameter, were 
run from this box to each register and connected to discharge 
through holes in the registers to the center of each burner. 
The air supplied in this manner was in addition to that 
coming from the fireroom through the register vanes, which 
were left wide open. This arrangement has been used on 
other vessels and reported as successful, but it was not found 
so in this case. The combustion was much improved, but 
far from satisfactory. So much soot was deposited that it 
became necessary to establish a routine requiring that the 
tubes be blown with steam once or each 
day. 

The oil pressure habitually carried with the Biitedt type 
of burner was 200 pounds. It was found that by reducing 
the oil presspre much ‘better combustion was obtained, due to 
the increased ratio of air to oil, but the oil thus burned was 
insufficient to maintain the steam pressure. 

An experimental burner was made by modifying one of the 
Bureau-type burners. A piece of r}-inch iron pipe was fitted 
around the shank of the burner, extending as far as the tip 
and forming an air casing around the burner. ‘Tt was supplied 
with air from the Westinghouse compressor in the engine 
toom. A circle of small holes was drilled in the end of the 
air casing so that fine jets of air were sprayed into the cone of 
oil spray issuing from the burner tip. This burrier gave fairly 
good combustion, but the air jets did not enter at ‘the correct 
angle. Better results would no doubt have been obtained ‘if 
the air streams had been made to converge toward the center, 
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but this would have necessitated increasing the overall diam- 
eter of the burner so much that it could not be entered in the 
register, and it was not considered desirable at this time to 
remove the registers. 

__A pair of air-atomizing burners were designed and manu- 
factured on board and installed in the Bureau-type registers. 
These burners were of the “‘inside-mixture” type—the air 
and oil were discharged into a mixing chamber in the tip, 
where the mixture was given a whirling motion before issuing 
from the tip. The air was obtained from the Westinghouse 
compressor, It was found that excellent combustion could 
be obtained with these burners, but very close attention on 
the part of the fireroom force was required to obviate the 
dangers due to fluctuations in the air and oil pressure, with 
the consequent extinguishing of the flame. This very serious 
defect, combined with the extravagant consumption of steam 
by the compressor used to supply the atomizing air, made it 
very desirable to continue the efforts to develop a method of 
using the mechanical atomization system. It would have 
been more economical to use steam instead of air as the 
atomizing agent in these burners, but in view of the poor 
natural air supply from the fireroom it was. considered desir- 
able to utilize the oxygen in the momtieg air to aid the 
combustion. 

While these experiments were in progress Lieut. A. M, 
Penn, U. S. N., in charge of the Fuel-Oil Testing Plant, at 
the Navy Yard, Philadelphia, reported on board, by order of 
the Navy Department, to conduct experiments and make 
recommendations in regard to the fuel-oil burning system of 
the ship. To his advice and suggestions the ultimate good 
results obtained are largely due. 

The Bureau Standard Type ‘“ B” registers were pata 
from the furnace front of the Roberts boiler and a bar of }- 
inch by 3-inch flat iron was supported across the front of 
each opening in the furnace front, on #-inch studs, these studs 
projecting 10 inches from the furnace front and being provided. 
with threads and nuts for.adjusting the bar for distance. Each 
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bar was drilled at its center large enough to permit the inser- 
tion of a Bureau-type I burner, a set screw through the side 
of the bar locking the adapter in place. A trial of the burners 
under this condition was made, not with any expectation of 
operating them in this manner, but merely to observe their 
action. As soon as the cone of oil spray issuing from the 
burner tip was ignited the flame left the burner and jumped 
to the back of the furnace, leaving only a whitish haze near 
the burner. The flame would then jump back and forth, ap- 
proaching, then receding from, the burner. 

A. burner was then modified to conform to a burner that 
had been experimentally developed at the Fuel-Oil Testing 
Plant, at Philadelphia. This modification is shown in Fig. 
1. The corners of the hexagonal tip were filed down until a 


Loose Cotar 


Burner Jip 


Piece of ih” 
Sheet Fron Cone ffuser) 


FG. 1. 


If-inch pipe would slip easily over the tip. A funnel-shaped 
“diffuser” was made of sheet iron and attached to the end 
of a piece of r}-inch pipe, 4 inches long, by means of a 
band clamp. This clamp method of securing the diffuser on — 
the pipe was preferable to screws or rivets as it permitted easy 
removal of the diffuser. This diffuser was made with an in- 
cluded angle of go degrees and the diameter ‘at the large end 
. was made 4§ inches. During the subsequent experiments 
several different angles were tried, but the 90-degrees angle 


gave the best results. The pipe” was slipped on the burner, 
42 
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over the tip. A loose collar, sliding on the burner shank, 
supported one end, the other end being supported by the 
burner tip. The pipe was secured to the loose collar by a 
small screw. This arrangement permitted adjustment of the 
distance the burner tip projected into the diffuser. Tio remove 
the burner from its holder it was only necessary to take out 
the small screw, draw the pipe and diffuser off the end of the 
burner, then draw the burner out of its holder in the usual 
manner. This burner was mounted in a temporary holder, 
as shown in Fig. 2, for experimental purposes. 
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When this burner was lighted off a most interesting action 
was observed. With the diffuser drawn well back toward the 
rear the flame would jump away from the burner as previously 
noted, but when the diffuser was pushed forward it would 
pick up the flame and a short cone of clear flame would result. 
When the diffuser was adjusted to the best operating position 
a halo of white flame would appear around the edge. This 
action is illustrated in Fig. 3. The best position seemed to 


=A 
\ 


= 


be such as: to bring the diffuser about in the position shown 
in the figure. The main body of the flame retained its cone 
shape, as shown at C, this cone of flame extending back to 
the burner tip, but part of this flame seemed to draw out to 
the diffuser and curl down from the edge, as shown at H H. 
The combustion obtained with this arrangement was very 
good indeed and further development of the system seemed 
most desirable. 

The Roberts boiler had been used for the trial of the burner, . 
and the appearance of the flame in the furnace indicated that 
the vertical side tubes and the horizontal top tubes exerted a 
marked cooling effect on the gases and retarded combustion. 
To reduce this effect a checkered wall of brick was built up 
on each side of the furnace, against the vertical side tubes. 


aN 
FIG. 3.. 
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It was not feasible to cover the ngtingntah top tubes, but this 
would be desirable. 

The next step was to fit a mide Asie to ator of the 
openings in the furnace front of the Roberts boiler. These 
openings were modified by fitting a cone'of heavy sheet metal 
into each, thereby obtaining a Venturi meter effect. The 
openings tapered from 15% inches diameter at outside to 12 
inches at throat. A circular baffle plate of sheet metal was 
placed behind each burner, to intercept some of the radiant 
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heat from the flame, and a.handle was fitted for adjusting the 
diffuser from behind this plate. The cone-shaped openings 
made a very noticeable im provement in the furnace conditions. 
The flame obtained was short, of a dazzling whiteness, and 
no smoke was produced. The air flowing into the furnace 
by natural draft seemed to mix thoroughly with the fuel, due 
to the influence of the diffuser and the Venturi furnace open- 
ing. Several different sizes of burner tips were tried. The 
tips with ,3,-inch opening and ,4,-inch grooves gave the best 
results. It was found, however, that smokeless combustion — 
could not be obtained if the oil pressure was allowed to go 
over 125 pounds. It was thought possible that the fluctua- 
tion of pressure in the fuel line caused this, the air chamber 
previously described not yet being finished. The ep 
ment of burner is shown in Fig. 4. ~ ~ 
This burner arrangement having given much better results 
than had ever been obtained before on the ship, the experi- 
ments were discontinued so that the Roberts boiler could be 
dismantled, cleaned and overhauled and a permanent burner 
installation made. ‘The casing was removed, straightened, 
relagged and made airtight; and the large accumulation of 
soot and asphaltum residue was scraped off the tubes. While 
this work was in progress the set of permanent burner fittings 
was made, arranged so that’ all adjustments could be easily 
made. ‘The conical openings in the furnace front were mod- 
ified by riveting vertical fins of thin sheet metal around the 
circumference, in the shape’ of a helix. - It was thought 
that this would promote the mixing of air and fuel by giving 
the entering air a rotary motion. ‘This assumption was later 
proven to be quite correct. The ‘opportunity was taken to 
complete the installation of the air chambér in thé dead end 
of the fuel line. A small pipe connection was made in the 
top of this air chamber to permit’ it being charged with air 
from the Westinghouse compressor.’ 
The arrangement of burner and holder is ‘shown in Fig. ‘5. 
With this arrangement the diffuser may be adjusted to get the 
best flame; the burner may be moved in or out of the open- 
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ing in the furnace front; the circular baffle plate may be 
moved in or out to regulate the air supply, or, if necessary, 
close the opening altogether; and the whole burner with all 
of its fittings may be moved in or out by means of the nuts 
on the studs, Each adjustment is independent of all the 
others. The sockets into which the studs are screwed may be 
adjusted, by liners, to throw the burner to one side or the 
other, 

When the overhaul and cleaning of the boiler was completed 
it was reassembled, the large air chamber was mounted on the 
dead end of the oil line and the new burner holders and 
burners installed on the furnace front, using burners with ;,- 
inch tips and ,/,-inch plugs. 

When the burners were lighted the results were most grat- 
ifying. The flame from each burner was very short and daz- 
zlingly white and the gas in the furnace was quite clear. As 
soon as the brick walls on the sides of the furnace heated up 
all signs of smoke disappeared. The influence of the helical 
vanes on the air was quite marked. The large air chamber 
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kept the oil pressure steady, the gage hand remaining. per- 
fectly stationary at any point desired. The effect of this steady 
oil pressure was quickly noted at the burners. When the 
diffusers were adjusted to get the halo around the edges it re- 
mained there without any further adjustment. There was 
an entire absence of smoke at the top of the smokepipe and 
the burner steamed rapidly. The most surprising result 
was the low oil pressure required to maintain the steam pres- 
sure and the wide range of pressure through which the 
burners could be operated smokelessly. As previously men- 
tioned, it had been necessary under the old conditions to op- 
erate the burners under an oil pessure of 200 pounds. It was 
now found that the steam necessary to meet the normal demand 
of the ship could be evaporated with an oil pressure of 50 to 
100 pounds, while at times, when an extra demand for steam 
was made, the burners operated smokelessly up to 200 pounds. 
From the standpoint of evaporative efficiency absolute smoke- 
lessness is not the most desirable condition ; but it is just the 
condition most desirable for this boiler, as it prevents fouling 
the tubes, which are not accessible for cleaning. 

After a little experimenting it was found that the steam 
pressure could be quickly and closely regulated by varying 
the oil pressure. This could be done by varying the spring 
tension of the regulator valve on the oil pump. Steam control 
was thus reduced to the mere screwing of a nut up or down 
with a wrench. Needless to say, this novelty appeals to the 
firemen. The pressure variation required to meet the ordinary 
changes of load were found to be so small that no further ad- 
justment of the diffusers was required after they had once been 
properly set, but any large change called for a slight read- 
justment. 

A glance at the curves of discharge for the Bureau stand- 
ard burners, published in the Bureau’s Instructions for Oil 
Burning, will show what the great reduction in oil pres- 
sure meant in the line of oil saving. It was estimated that 
under the new conditions about half as much oil was burned 
as had been burned before the burners were improved. This 


652 EXPERIMENTS IN NATURAL-DRAFT OIL. BURNING. 


estimate was based on the above-mentioned curves, but in 
order to check the estimate, the oil consumption was meas- 
ured accurately for two days by means of two small lubricating 
oil tanks which were calibrated and connected to the fuel-feed 
pump suction.. This test showed the daily oil consumption 
to be 500 to 600 gallons. The had 
been 1,000 to 1,200 gallons. 

It was thought that the diffusers, the cones in 1 wh fotunce 
front and the vanes on the cones, all being of light sheet iron, 
would quickly burn out, and for this reason'a number of spares 
were made. ‘The burners have, however, at date of writing, 
been in constant operation for over one month and the above- 
mentioned parts show no signs of burning, except one vane 
on which the flame impinges, due to the burner not being 
exactly centered. The cold air — in from the freroom 

seems to keep the parts cool. 

The helical vanes, in addition to giving the air a rotary 
motion and thereby promoting mixture of air and oil, serve a 
useful purpose in intercepting the radiant heat from the flame. 
It is found that since they were installed the heat in front: of 
the boiler is no than the were 
in use. 

With to af: steam varying 
the oil pressure, it should be noted that past experience has 
shown this method to be incorrect in the case of the standard 
forced-draft installations, where any change in oil pressure 
changes the relative velocity of air to oil.. In the case of this 
particular installation, this method of regulation has proven 
highly successful, and is much more satisfactory than regulat- 
ing by changing the number of burners in use. The writer 
does not recommend it for every installation ; each one should 
be:regulated by the method found best in practice. 

While the calibrated tanks were being used to measure the 
oil consumption it was found that for a tite the rate of ‘dis- 
charge did not correspond to that shown on the Bureau curves 
for the pressure then carried. The small strainers fitted to 
_ the end of each burner were opened up and it was found that 
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the wire gauze was badly clogged. After the strainers were 
cleaned the rate of discharge corresponded to the pressure.. 
The photograph in Fig. 6 shows the general arrangement 
of the two burners and holders as installed, the second burner 
being alongside the one in the foreground. ‘The lower photo- 


graph shows very clearly the construction of the sheet-metal 
cone and the helical veins. 
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U. S. S. TUCKER. 


DESCRIPTION. 


By LIEUTENANT Ormonp L. Cox, U. S. Navy, MEMBER, 


Torpedo-Boat Destroyer No. 57, the Tucker, is one of 
the six destroyers of the same class authorized by an Act of 
Congress approved March 4, 1913. The Tucker is a twin- 
screw vessel fitted with Curtis turbines, with geared cruising 
turbines and designed for a speed of 29% knots at about 
1,090 tons trial displacement with the main engines developing 
about 17,000 shaft horsepower. ‘The vessel was built under 
contract by the Fore River Shipbuilding Co. of Quincy, Mass. 
The contract was signed September 22, 1913, the price being 
$861,000.00, and the time of construction twenty-four months. 


PRINCIPAL HULL DIMENSIONS. 


Length between perpendiculars, feet and inches 
on L.W.L,., feet and inches 
overall, feet and inches 
Breadth, extreme, over guards, feet and inches 
on L.W.L,., feet and inches 
Draught to L.W.L,., feet and inches 
Mean trial displacement, 
Ratio, length to beam 
- beam to length 
Ton per inch immersion at L.W.L............cceeeseceeeeeeeees 


BATTERY. 


There are four 4-inch rapid-fire guns in the battery, one 
“on the forecastle, two on the main deck forward, port and 
starboard at break of forecastle, and the other on the main 
deck center line abaft the deck house. 

The torpedo equipment consists of four 6.8-m by 21-inch 
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twin torpedo tubes mounted on the main deck, two pent 9 6 
two starboard. 

There is a four-stage Ingersoll-Rand air compressor for 
charging the torpedoes. It is located in the engine-room and 
has a capacity of 20 cubic feet of air at 2,500 pounds per 
square inch per hour. It is steam driven, the steam cylinder 
being 8 inches diameter and the compressor cylinders 9%, 
434, 3% and 1% inches diameter, respectively, for the four 
stages, with a common stroke of 5 inches. There is one ac- 
cumulator for each tube with a capacity of 8 cubic feet. 


MACHINERY. 


The propelling machinery consists of Curtis turbines ar- 
ranged on two shafts as shown on Plate I. On each shaft 
there is a 36-inch pitch diameter, 5-stage geared cruising 
turbine connected to the main shaft by means of a Metten > 
clutch, and a 63-inch pitch diameter, 42-stage ahead and a 
9-stage astern turbine in a common casing. 

The main turbines are designed to develop about 8,500 
S.H.P. each when making about 580 revolutions per min- 
ute. The cruising turbines are designed to develop about 
800 S.H.P. each at 2,352 revolutions per minute and are 
geared down in the ratio of 7.95 to 1. The cruising units 
may be used at all speeds ahead below about 20 knots and 
are disconnected for higher speeds ahead and while reversing. 

The main ahead turbine contains forty-two stages, the first 
three being wheel stages and the other thirty-nine being single- 
bucket drum stages. Plate II shows the turbine assembled 
with casing, and Plate III, with the upper half of casing re- 
moved. The first stage has four moving rows of blades and 
the second and third stages three moving rows each. The 
third-stage wheel is forged integral with the forward drum, 
the other wheels being of the usual built-up construction. 

There are two drums on the ahead turbine, the forward 
drum consists of stages 4-9, inclusive, and the after drum of 
stages 10-42, inclusive. 
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The reverse turbine consists of one stage with four moving 
rows of blades and a drum with eight single-bucket drum 
stages, and is capable of developing about 50 per cent. of 
the ahead power. . 

There are split, cast-steel diaphragms between the 1st and 
2d, and between the 2d and.3d stages. 

The nozzles for the 1st stage are of composition, those for 
the 2d and 3d stages of composition with monel-metal division 
plates. All other nozzles, blades and shrouding are rolled. 
bronze. 

All blades and thie noesies for the single-row stages are 
secured by means of dovetailed roots. 

The casings are of close-grained cast iron, and are divided 
into six parts by a horizontal plane at the axis, and two 
athwartship planes. 

On each shaft there is a 36-inch Curtis turbine, connected 
through gearing and a hydraulic clutch to the main shaft. It 
consists of five wheel stages, the first three having two moving 
rows of blades and the other two, one moving row of blades 
each. 

The number of nozzles per stage, expansion ratio of noz-_ 
zles and throat area in square inches is as follows: 


CRUISING TURBINE. 


; Throat area, 
E.R. square inches. 
1.182 1.576 
2.633 
6.804 
18.2412 
22.2912 


14.417 
22.68 


Height, 
Stage. No. inches, 
1 8 50 
2 16 50 
40 .50 
Main Ahead. 
2 64 1,125 
1125 
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The blades of the 1st stage ahead and astern are one inch 
in width; those for the 2d and 3d stages ahead are 7%-inch 
wide, and for the 28th to 42d stages, inclusive, are 34 inch 
wide. All other blades are 6/10 inch wide. The nozzles 
for the single-row stages are the same width as the blades. 

The effective length of the blades and the pitch diameter 
of the various stages is as follows: 


Row. Length,ins. D., ins. Stages. Length, ins. P. D., ins. 
Ist — ahead. Ahead turbine. 
4-6 63 
7-9 638 
2g 13-15 4 6243 
16-18 44 63x55 
38 19-21 634% 
3% 22-24 5% 
2d and 3d stages ahead. 6 651s 
265-30 7% 
143 31-33 8§ 
34-36 of 
9t 
40-42 
Astern turbine. 
2t 
4% 
5% 


SHAFTING AND BEARINGS. 


Cruising-turbine rotor shaft, length, feet and inches 
diameter, maximum, inches 
Main rotor and thrust shaft, length, feet and inches 
diameter, maximum, inches 
hole, inches 
Forward line shaft, length, feet and inches 
diameter, inches 


. hole, inches . 
After line shaft, length, feet and inches : 
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Stern-tube and propeller shaft, length, feet and inches 


diameter, inches ................. 10 
hole, inches ............ 07 


Bearings, main, number, each turbine 


diameter, inches 13 


length, inches 


Spring, number 


Stern-tube, forward, diameter, inches 


pe 
aft, diameter, inches 
length, inches 


Strut, forward, diameter, inches 
length, inches 


after, diameter, inches 
length, inches 


The main thrust bearing is at the forward end of the tur- 
bine shaft, and consists of four horseshoes of the regular type, 
babbitted on both faces and cored for the circulation of cool- 
ing water. 

The turbine is so designed that the steam thrust balances 
the propeller thrust at-a speed of about 27 knots. At higher 
speeds the steam thrust is the greater, and at lower speeds 
the propeller thrust is the greater. The total effective surface 
of the horseshoes is 219.0 square inches on forward side and. 
292.0 square inches on after side. : 
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‘The shaft horsepower developed by the engines is measured 
by a Gary-Cummings torsionmeter, one for each line of 
shafting. y 


The torsionmeter constants were found by iealiheation of 
the actual shafts with the meters mounted on them. The 
constant for the starboard shaft is 5.65 and for the port 
shaft 5.731. 


PROPELLERS. 


There is one three-bladed on 
each shaft. The propellers are of manganese-bronze, cast 
solid, and the blades are true screw and machined to pitch 


and polished. The following are the actual propeller measure- 
ments: 
Starboard. Port. 

Diameter, feet and inches 7-09 
Pitch, feet and inches ' 6-09.03 
Ratio, pitch to diameter ariead 871 
Projected area, square feet 28.2 
Helicoidal area, square feet ‘4 31.3 
Disc area, square feet , 47.17 
Ratio, projected to disc . 5979 

helicoidal to disc 6636 

projected to helicoidal : 901 
Lower tip of blade below keel, inches 05 
of upper of blade at load draught, ins. 3514 


MAIN CONDENSERS. 


There are two main condensers, pear shaped, of the curved- 
tube type, the tubes being rolled into the tube sheets. They 
are built up in the usual manner, the: apnane dimensions ~ 
being. a: as follows : tot 9 de 


of tubes as fitted, feet and inches ; 
‘Thickness of tube sheets, inches 
Tubes, number, each condenser 
diameter, outside, 
Main exhaust 10- feet 04 inches’ by 22 inches. 
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Diameter, auxiliary exhaust nozzle, 
dynamo exhaust nozzle (starboard only), inches 
air-pump suction, inches 
circulating-water inlet and outlet, ‘inelies. 
drain connection, inches........ 


TABLE I.—PumPs AND ConnEcrions, S. TUCKER.” 


Wo| PUMPS. Suction PIPES FROM DISCHARGE PIPES TO- 
PIPES 

216. \Bucki RESERVE FEED TANKS, 
ACTING, BLANE” ine FOR SEAL- 
2 | MAIN Cine .  \VERTICAL, 


\ULATING. | DOVOLE ENGINE, 
Ci 
(NE. 


VERTICAL, FEED SUCTION PIPE 
SINGLE, “BLAME” CONN. PIPE. 
10N PIPE Aux. FEED. 
pod. FEED sages. CONNECTION. 
7x Tale Do. Fine MAIN. 


OVERBOARD. 
Hose STILLE 


FIRE MAIN. 
: Hose CONNECTION. 

SEA. RE MAIN. ‘d 
on GE. OVERBOARD 
ONNECTION. CONNECTION. 


Hos. 
INDEPENDENT 
= CONDENSER. TANKS. 


TORS. 


‘A. 
DISTILLER CIRC. 


Res. FEEO TANKS. 
SMPS TANKS. 
COFFER DAM. 
FEED TANK. Tanne 
BEARINGS. 
SETTLING 
On STORAGE TANKS. BURNERS. 
Boos Ter-PumMP : 
SCHARGE. 

ORAGE TA E-PUMP SUPP, 
TANAS. 

Conn. 


CATING TANK. 


6x 
SERVICE 


£, 
SERVICE, 
TURBINE 
SINGLE, 


TO ERTICAL, TANK. 


MAIN AIR PUMPS. aa 
Each main condenser. is provided with a Blake vertical, 
twin-plex, single-acting beam air pump, located in the auxiliary 
toom, with a steam cylinder 14 inches in diameter and wet 
and dry-air cylinders 28 inches each, with a common stroke 
of 18 inches. The wet suction is 9 inches in diameter and 
the dry 7 inches, both taking off the common 11-inch suction | 
from the condenser. From the wet-air pump there is.an 8-. 


inch discharge to the feed and filter tank. 
43 
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MAIN CIRCULATING PUMPS, 


There is one centrifugal circulating pump for each main 
condenser, driven by a Sturtevant Type VD-6 steam turbine. 
The propeller is 3-bladed and has a diameter of 16 inches 
and a pitch of 1234 inches. * 


AUXILIARY CONDENSER. 


There is one auxiliary condenser, located in the auxiliary 
room. It is pear-shaped and of the curved-tube type, the 
tubes being expanded in the tube sheets. 

There are 380 54-inch tubes with a total cooling surface 
of 300 square feet. The length of the tubes as fitted varies 


from 5 feet to 5 feet 3% inches between the tube sheets. — 


Cooling water is supplied by an independent circulating 
pump. The pump has an impeller 18 inches in diameter, 
4-inch suction and discharge, and is driven by a by 
38-inch single engine at 330 r.p.m. 

There is a Blake featherweight air pump for the auxiliary 
condenser 4% by 8 by 6 

The auxiliary exhaust connection to the condenser is 6 
inches in diameter and the air-pump suction from the con- 
denser 34% inches. 


FEED AND FILTER TANK. 


This is located in the auxiliary room and has a total capacity 
of 818 gallons, of which 235 gallons belong to the filter 
chambers and 583 gallons to the feed tank proper. The tank 
has a 11-inch connection for main air-pump discharge, a 3-inch 
connection for the auxiliary air-pump discharge, a 8-inch 
feed-pump suction connection and a 4-inch overflow pipe. 
There is also a connection from the distiller fresh-water 
pump and 2-inch vapor pipes leading from each filter chamber. 


FORCED—-LUBRICATION SYSTEM. 


The main turbine and thrust bearings, cruising-turbine 
bearings and gears are fitted with a complete system of forced 
lubrication. The system comprises the following: 
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2 225-gallon storage tanks. 

1 200-gallon storage tank. 

1 205-gallon oil-settling tank. 

2 70-gallon drain tanks. 

2 23-inch diameter Reilly multicoil oil coolers. 

2 4% by 6 by 6 Blake simplex, vertical oil pumps. 


_ Oil is taken from the port drain tank by either of the oil 

pumps and discharged to the various bearings through the 
coolers. From the bearings the oil drains by gravity into a 
6-inch pipe which runs from the forward bearing of the 
cruising turbine, aft through the bilge near the center line, 
to the starboard oil-drain tank, the two drain tanks being 
cross-connected by a 4-inch pipe. 

Cooling water for the cooler is supplied by either the main 
circulating pumps or from the fire main. 

Oil to the clutch is supplied by an independent 414 by 234 
by 4-inch duplex pump. 

Each oil cooler has a cooling surface of 73.8 square feet. 


BOILERS. 


Steam is supplied by four oil-burning Yarrow boilers ar- 
ranged in pairs in two separate compartments, as shown in 
Plate IV. They are designed for a working pressure of 
265 pounds gage, and each boiler has an independent smoke 
pipe of 16.8 square feet area. 

The firerooms are operated under the closed-fireroom 


forced-draft system. 
Each boiler is equipped with nine oil burners of the Fore 


River type. 
Data for One Boiler. 


Pressure, working, pounds per square inch, gage 
test, pounds per square inch, gage 
thickness of tube sheet, inches i 
wrapper sheet, inch 
water, inside width, inches 
depth, .inches 
thickness of tube sheet, inches 
wrapper sheet, inch 
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1%-inch tubes 
Heating surface, square feet 
Furnace volume, cubic feet 
_, feed, stop and check wales; « one to each lower - 
drum, inches 
auxiliary feed, stop and check valve, inches 
Diameter of surface-blow valve, inches 
bottom-blow valves (two), inches 
safety valves (two one inches 


The auxiliary feed enters the steam dei ‘aa on main 
feed enters the water drums, where it is baffled so that it rises 
through the two outer rows of tubes. 

All tubes are straight except the two rows nearest the fur- 
nace, which are curved slightly to provide for expansion. 
These latter are 1 % inches all others 
1 inch. 

SYSTEM. 


This system consists of two light-service booster pumps, 
one in each fireroom; four duplex service pumps, two in each 
fireroom; one oil heater in each fireroom, and the oil-storage 
tanks, valves and piping as required. _ 

The booster pumps draw oil from the storage tanks, and 
discharge to the suction of the service pumps. The latter 
draw either from the storage tanks direct or from the dis- 
charge line from the booster pumps and discharge to the 
burner lines. 

There are nine burners per boiler, each a 
inch branch from the burner line.. 

The whole system is completely fitted 


> 


FUEL—OIL, HEATERS. 


There is a Reilly, vertical, multicoil fuel-oil heater in each 
fireroom. .The heaters are 15 inches outside diameter, with 
four coils. Heating surface of coils, 23.64 square feet. 
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FORCED—DRAFT BLOWERS. 


There are two 37-inch single-inlet Sturtevant cone fans 
in each fireroom, each driven by a 24-inch Curtis turbine direct 
connected to the fan. The turbine has one stage with three» 
moving rows of blades. - 


FEED—WATER HEATERS. 


There is one Reilly vertical, multicoil feed-water heater in 
each fireroom. The heaters are 36 inches in diameter and 
each contains 29 coils, with a heating surface of 178.35 square 


MAIN STEAM PIPING. 


The main steam connection on each boiler is 7 inches in 
diameter, the forward boiler steam lines combine into one 
94-inch line which runs aft on the starboard side. The two 
after boilers combine into one 9¥%4-inch line which runs aft on 
the port side, the two main lines being cross-connected in the 
engine room with a 6%%-inch cross-connection. There are 
expansion joints in each line at the engine-room bulkhead and 
a stop valve at the engine-room bulkhead. Just inboard of 
the bulkhead stops there are 944-inch astern and ahead tur- 
bine throttles and a 4-inch throttle for the cruising turbines. 


AUXILIARY STEAM PIPING. 


There is a 34%4-inch stop valve on each boiler for supplying 
the auxiliary steam line. In each fireroom connections are 
taken off these lines for the various auxiliaries in the fireroom, 
the two lines in each fireroom then combine into a common 
3%-inch line. In the after fireroom these lines are cross- 
connected and a 4-inch line runs aft on each side of the 
engine room to the auxiliary room, where they are cross- 
connected, forming a loop. From this line beytnties lead 
to the various auxiliaries. 
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AUXILIARY—EXHAUST PIPING. 


The atxiliary-exhaust piping runs throughout the machin- 
ery spaces, varying in diameter from 24% to 8 inches. There 
are branches to each auxiliary and the following connections: 


4¥4 inches to each feed-water heater. 

6% inches to the 1st and 10th stage of each main turbine, 
‘the latter being 8% inches in diameter at the turbine. 

6 inches to the auxiliary condenser. 

7 inches to each main condenser. 

7Y% inches to atmosphere. 


MAIN AND AUXILIARY FEED SYSTEMS. 


There is an 8-inch suction main running forward from the 
feed and filter tank with 514-inch connection to the air-pump 
channel ways and a 5'%4-inch connection to each main feed 
pump in the engine room. The line runs forward to the 
after fireroom, where it divides into two 51-inch branches, 
one to each auxiliary feed pump in the two firerooms. 

The discharge from each feed pump is 4 inches in diameter, 
the discharges from the two main feed pumps combining into 
one 6-inch line which runs forward to the firerooms,; with a 
4-inch branch to each feed-water heater or by-pass, thence to 
the lower drums of the boilers. 

Each auxiliary feed pump discharges direct through the 
auxiliary feed line to the upper drums of the boilers or cross- 


connects to the main line, thence through the heater or by-pass 
to the lower drums. 


EVAPORATING AND DISTILLING PLANT. 


There are two evaporators in the auxiliary room and two 
distillers in the hatch over the auxiliary room. 


~ Data for One Evaporator. 
Reilly, vertical, multicoil. 


Diameter, inside, inches 
Height overall, feet and inches 


2 
Type 
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Number of coils 
Diameter of coils, inches 
Thickness of tubes, inch : 
Heating surface, square feet Bi03% 
Diameter of steam nozzle, 
vapor nozzle, inches 
blow valve, inches......... big wits poe i 


Data for One Distiller. 


Diameter, inside, inches 


Height overall, feet and inches 
Number of coils 


tubes inch 

Thickness of tubes, inch 

Cooling surface, square feet 

Diameter of vapor inlet, inches...... 
drain connection, inch 


EVAPORATOR FEED-WATER HEATER. 


There is one Reilly, vertical, multicoil feed-water heater 
located in the auxiliary room. It is 13 inches inside diameter 
with three coils with a heating surface of 18.45 square feet. 


ELECTRIC PLANT. 


The dynamos are located in the forward starboard corner 

of the engine room. The installation consists of two -hori- 

_ zontal, compound wound, direct-current, 25-k.w., General 

Electric generators, each driven by a Curtis steam turbine. 

Each generator will deliver at normal load 200 ampéres of 

current at 125 volts, when running 38,600 revolutions per 
minute, 


{ 
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a. s, S. BUSHNELL, SUBMARINE TENDER No. 2. 


DESCRIPTION. 
_ By LIEUTENANT G. E. Davis, U. N., MEMBER. 


Contract for the construction of the Bushnell was 
awarded to the Seattle Construction & Dry Dock Company, 
Seattle,- Washington, the contract price being $935,695. De- 
livery was to be made within 21 months from date of con- 
tract, June 30, 1913. ce 


PRINCIPAL HULL DIMENSIONS. 


Length on L.W.L,., feet and inches 
over all, feet and inches 

Beam L.W.L., feet and inches... 

extreme, feet and inches 
Displacement corresponding, tons 
Tons per inch immersion at L.W.L. 
Area immersed, midship section, square feet. 
Load water plane, square feet 
Co-efficient of fineness wack 
section 


GENERAL DESCRIPTION. 


The hull of this vessel is constructed in accordance with the 
highest rating under Lloyds Rules, the machinery being built 
in accordance with the rules of the American Bureau of Ship-. 
ping for vessels of the highest rating, and with the rules of the 
U. S. Steamboat Inspection Service for ocean-going vessels. 
The inspection was carried on by naval. inspectors appointed 
by the Department, as well as by the inspectors of the various 
societies which later classified this vessel. 


‘MAIN DECK. 


The main deck is continuous from stem to stern. On it are 
located a forward deck house containing the commanding of- 
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ficer’s and division commander’s quarters and offices; a mid- 
ship deck house containing paymaster’s and executive officer’s 
offices, galleys, bakery, bread room, butcher shop, potato- 
peeler room, foundry, blacksmith shop, coppersmith shop, and 
a'coal bunker with coal supply for the galley and bakery 
ranges and ovens; the after deck house, which contains the 
sick bay, dispensary and a well-equipped operating room. 
Above the deck house forward is located the chart house and 
the radio room, while above these still is the navigating bridge. 
Two 24-inch distant mechanically-controlled searchlights are 
located on platforms on the outboard ends of the bridge about 
eight feet above the same. A range-finder platform is lo- 
cated above the bridge and over the radio room on a slightly 
higher level than the searchlight platforms. A 500-gallon 
fresh-water gravity tank is located on the midship deck house 
just forward of the smokepipe. 

On the after deck house are located vegetable lockers, gaso- 
line stowage, hand-steering station, and two searchlight plat- 
forms similar to those forward, on which are mounted two 
24-inch distant mechanically-controlled searchlights. - 

Forward of the after deck house on the main deck are pro- 
vided stowage racks for stowing gasoline drums for motor- 
boat fuel. 


SECOND DECK. 


The second deck is continuous from stem to stern. For- 
ward are located the paint rooms, crew’s heads, washrooms, a 
well-equipped laundry, ship’s store, general mess pantry and 
crew’s quarters. Amidship are the machine shop and torpedo- 
testing room, the equipment of which will be described later, 
while aft are the wardroom officers’ quarters. 


PLATFORM DECK. 


This deck extends from the stem to the fireroom and from 
the engine room to the stern. Forward are located the paint 
room, sail room, chain lockers, C. P. O. mess room, C. P. O. 
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berthing space, G. S. K. clothing and small-stores rooms, re- 
frigerator rooms and crew’s space, while aft are the torpedo 
armory, warrant officers’ quarters, wardroom staterooms and 
officers’ storerooms. 

HOLD. 


In the forward hold are the trimming tanks, electrolyte store- 
room, chain locker ‘and fuel tanks, and G. S. K. storerooms, in 
one of the latter of which are portable fresh-water and battery- 
water tanks. The boiler room, fuel and settling tanks, engine 
room and engineer’s storerooms occupy the entire space in the 
midship hold, while aft are located the magazines, war-head 
rooms, ordnance storerooms, fresh-water tanks and lubricat- 
ing-oil tank and trimming tank. 


DOUBLE-BOTTTOM AND OIL TANKS. 


The practically complete double bottom is used for feidieil 
stowage, reserve feed water, fresh water, and lubricating oil. . 
In addition to the double bottoms fuel oil is stowed in three 
deep tanks forward of the fireroom and in two deep settling 
tanks outboard of the fireroom. Cofferdams are provided be- 
tween oil tanks and water tanks and machinery spaces. 


BATTERY. 


The battery consists of four 5-inch, 50-caliber rapid-fire 
guns, two 3-pounder saluting guns, and one 18-inch twin-deck 
torpedo tube, located in the torpedo-testing room on the sec- 
ond deck. 


‘ FRESH WATER. 


Potable fresh water is stowed in tanks forward in the G. S. 
K. storeroom to the extent of fifteen tons, and aft in the double 
_ bottoms to the extent of 62.4 tons. Reserve-feed water tanks 
in the double bottom beneath the fireroom have a capacity of 
48.6 tons, while the feed and filter tanks has a normal capacity 
of 3.36 tons. A 500-gallon gravity tank is located on the up- 
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3 per deck forward of the smokestack as previously mentioned, 
while in a forward G: S. K. storeroom is provided a lead-lined 
battery water tank of 1,000 gallons capacity... 


DRAINAGE SYSTEM. 


Fire Main.—A 6-inch fire main is supplied by the fire and 
bilge pump as an emergency supply from the distiller srrulale 
ing pump... 

All hose connections at rath plugs are 2%4-inch. 

Hose connections are also provided on the suction and dis- 
charge sides of fire and bilge pump. : 


VENTILATION AND HEATING. 


Combined mechanical heating and ventilation is provided for 
all spaces below the main deck, except the bathrooms, toilet 
heads and washrooms, which are provided with radiators. 
Five forced-ventilation fans with steam coil-heating boxes are 
provided for this purpose. By-passes are provided for the air 
around these boxes for the supply of certain compartments, 
such as magazines which it is not desired to heat. In addition 
to the five fans above referred to, two forced-ventilation fans 
are provided for engine-room supply and one exhaust fan for 
crew’s heads and wash rooms. All spaces within the deck 
houses, chart house and radio room are provided with radiators — 
and natural ventilation. 

BOATS. 


The following boats are provided and stowed on the upper- 
deck level on boat skids between the forward and the midship 
deck houses, and the midship and after deck houses: 


3 35-foot motor boats (torpedo chasers). 
_ 2 33-foot motor sailing launches. | 

2 21-foot motor dories. 

2 14-foot punts. . 
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All the above-mentioned boats are handled by means of 
cargo booms on the fore and main masts. ~ 

In addition to those listed above, two 28-foot whale boats 
are provided and stowed outboard of the — deck house. 
These boats are handled by- -davits. 


ANCHOR WINDLASS, TOWING ENGINE AND SUBMARINE LIFTING 
GEAR. 


There is fitted forward on the main deck a windlass of spe- 
cial design, of the horizontal spindle type, with two gypsies 
and three wildcats, for handling the 7,000-pound anchors. An 
arrangement of sheaves and blocks in the bow is provided, 
making it possible to lift a weight of 30 tons, which permits the 
lifting of the stern of a submarine out of the water for an in- 
spection of propellers, etc. A similar gear is fitted to the tow- 
ing engine aft on the main deck, making it possible to lift a 
dead weight of ten tons. To facilitate the handling of weights 
as noted above the vessel is provided with a cableship type of 
bow and a stern of large overhang. 


COMPLEMENT. 


1 Division commander (submarines). 
- 1 Commanding officer (tender). 
17 Wardroom officers Sa a and tender). 
_ 38 Warrant officers (tender). 
26 Chief petty officers (submarines and tender). 
275 Enlisted men (submarines and tender). 


MACHINERY INSTALLATION. 


(See Plate I for arrangement of machinery spaces. ) 

The main propelling machinery consists of a high-pressure 
and low-pressure Parsons marine steam turbine, developing 
collectively about 2,500 shaft -horsepower running at 2,000 
r.p.m., connected to the single line shaft through the medium 
of a common mechanical reduction gear of gear ratio-about 
16.421 to 1. The after end of each turbine shaft is connected 
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to its separate reduction-gear pinion by means of a claw-clutch 
coupling. An astern turbine, capable of developing 50 per 
cent. of full-head power, is incorporated in the after end of 
the low-pressure turbine. : 


BOILER EQUIPMENT. 


Boiler equipment consists of two Yarrow water-tube (ex- 
press) boilers, W. P. 220 pounds per square inch, fitted for 
burning fuel oil, and working under forced-draft closed-stoke- 
hold system. 

MAIN TURBINES. 


The main turbines are of the usual Parsons marine steam 
type, consisting of a special grade cast-iron cylinder divided 
horizontally along the center line, the lower half supporting 
the turbine rotor bearings at each end. The high-pressure 
turbine has six stages, the low-pressure turbine six stages, and 
the astern turbine five stages. 


Turbine Data. 
Length of cylinder 


Diameter of cylinder. (this diameter). 
Stage. H.P. .P. L.P. Astern. 
Ins. Ins. Ins. 
154 5? 74 
164 «St 
23 7 
74 


_ Rows of blading. Length of blades. 

15 

15 

7 

7 

7 


Thickness of calking sections. 
32 


I 72 
2 1.215 
3 
4 3-795 
3-705 
6 
3 
4 
5 
6 
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Reduction Gear.—The reduction gear consists of a heavy 
cast-iron casing in which is mounted a large herring-bone gear 
which meshes with small pinions on each side. The bearings, 
which are of the spherically-seated type in the case of the 
pinions, and of the straight type in case of the gear-wheel 
shaft, are supported in bearing brackets which form a part of 
the lower half of the casing. 

Gear Wheel.—The gear wheel consists of a cast-steel spider 
divided along the center and held together on the shaft by 
means of two heavy forged-steel shrink rings and properly 
keyed to the shaft. On the outside of this cast-steel spider are 
shrunk two forged-steel rings which are keyed and pinned to 
same. The teeth of the gear are cut in these forged-steel rings, 
and consist of 312 teeth, 3 diametral pitch, tooth twist 45 de- 
gress, total face length parallel to axis of shaft, 32 inches, 
pitch circle diameter 103.820. The pinions are a special alloy 
steel forged solid with the shaft and have 19 teeth each, of 3 
diametral pitch, tooth twist 45 degrees, total face length on 
line parallel to shaft axis, 32 inches, pitch circle diameter 6.350. 
Each pinion is supported by three bearings, the forward and 
after bearings being 54% inches x 5% inches, the center bear- 
ing 5% inches x 10 inches. The gear-wheel shaft bearings 
consist of 12% inches x 12% inches straight-type fitted at the 
fore and after ends of the shaft. 

Lubrication —All bearings are lubricated by the forced-lu- 
brication system, the gear-wheel shaft bearings being pro- 
vided with indicators, the pinion bearings with test cocks. The 
point of contact between the gear wheel and the pinions is kept 
well lubricated by means of 16 oil sprayers or nozzles which 
throw a goodly stream of oil directly on to the point of con- 
tact when the gears are running ahead. 


TURBINE THRUST BEARINGS. 


The turbines, being of the balanced type, need but very small 
thrust bearings, which are fitted at the forward end of the 
turbine casing and are of the usual Parsons type. 
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Main Thrust Bearing. main thrust bearing is located 
directly aft of the reduction gear to the gear-wheel shaft to 
which the is coupled. 


Thrust Data. 
Thrust shaft bearings: 
Length of each, inches 
Collars on shaft: 
Thickness, inches .. 
Space between, inches 
Inside diameter, inches 
Effective bearing surface, square inches 
Thrust shoes: 
Number 


The thrust shoes are of the usual horseshoe type, babbitted 
on both faces and cored for circulation of cooling water. 


TORSION METER, 


In the section of line shafting directly aft of the thrust shaft 
is fitted a Gary-Cummings torsion meter. 


SHAFTING AND BEARINGS. 


High-pressure rotor shaft 15’ 35%” long, 5%” diameter. 
Low-pressure rotor shaft 16’ %”* long 6” diameter. 


Thrust shaft 9’ long, 12” diameter. 
Line shaft 3 sections, 14’ long, 1134” diameter. 
Line-shaft section, fitted with torsion meter, 14’ long, 11%4” diameter, 
4” hole. 
Propeller 26" H%” long, 12%” 
Rotor-shaft bearing diameters: 
L.P. forward, inches 
L.P. aft, inches 
Line shaft, or spring bearings: i 
Stern-tube bearings: 
Aft bearing, length, inches................ 260 


44 


diameter. 
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PROPELLER. 


There is one four-bladed, right-hand, built up, adjustable, 
true-screw, manganese-bronze propeller, diameter, 12 feet 6 
inches. 

Pitch as set, mean, feet and inches 

Pitch, adjustable from....... 13 feet to 15 feet 6 inches. 
Ratio of diameter to mean pitch........ stespndcepesepeces testis 

Area projected, square 

Area helicoidal, square feet 

Area disc, square feet 

Height of lower tip of blade above bottom of lenel: inches........ 
Immersion of upper tip of blade at load draught, inches 


MAIN CONDENSER. 


There is one main condenser, circular shape, straight-tube 
type, tubes being secured in tube sheets by Navy standard 
type of screwed ferrule, packed with cotton-tape packing 
thoroughly saturated with paraffine wax. It is on the usual 
built-up steel-shell type, with cast-iron heads, the principal 
dimensions being as follows: 


Length between tube sheets, feet and inches 
of tubes fitted, feet and inches 

Thickness of tube sheets, inches 

Number of tubes 

Diameter of tubes, outside, inch 

Thickness of tubes, B.W.G., No 

Cooling surface, square feet 

Main exhaust nozzle area, square feet 


Condenser is provided with one wet-suction 7 inches in 
diameter, and a dry-suction of the same diameter. Also with 
auxiliary exhaust nozzle, 7 inches in diameter, and the usual 
air cocks, relief valves, drains, manholes, hand holes, etc. 

A 5-gallon boiler compound tank is situated directly above 
the main condenser and connected thereto by means of a 
1-inch pipe, fitted with a valve. 

Circulating-water inlet and outlet, diameter, 14 inches. 
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MAIN AIR PUMP. 


One main air pump of the Blake, vertical, simplex, beam 
type ts provided. It has a 9-inch diameter suction from the 
water seal or trap below the main condenser to which the 
wet suction, augmentor-condenser drain, and turbine drain, 
of a 7-inch, 6-inch, and 2-inch diameter, respectively, are 
led. The wet suction only is trapped, the dry suction and 
turbine drains entering the trap on the pump side of the 
water seal. A 2-inch non-return valve opening toward the 
seal is fitted in the turbine drain pipe to the water seal. 


“MAIN CIRCULATING PUMP. 


There is one main circulating pump of the centrifugal type, 
14-inch diameter, driven by a vertical single-cylinder recipro- 
cating engine. All moving parts of this engine are com- 
pletely enclosed and provided with forced lubrication from 
the main forced-lubrication system. 


AUGMENTOR INSTALLATION. 


A Parsons augmentor installation is provided, the aug- 
mentor having a 7-inch suction connected to the dry suction 
of the condenser, a 34-inch steam supply pipe leading to a 
jet having a nozzle opening 7/32-inch diameter, and dis- 
charging into an augmentor condenser through a 6-inch open- 
ing. The augmentor condenser, in turn, drains to the water 
seal through a 6-inch pipe. 

Augmentor Condenser—The augmentor is of the usual 
single-flow type, consisting of a cast-iron shell of circular 
section, having straight tubes, the principal dimensions being 
as follows: : 


Length between tube sheets, feet and inches 
of tubes as fitted, feet and inches 
Thickness of tube sheets, inch 
Number of tubes ee 
Diameter outside, inch 
Cooling surface, square feet 
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Augmentor discharge to condenser, diameter, inches 
Condenser drain to water seal, diameter, inches 
inlet and outlet, diameter, inches..... 


‘Circulating water is “supplied from the main circulating 
pump, and discharges via the main overboard dischatge. 

Auxiliary Condenser—The auxiliary condenser is of the 
built-up steel-shell type, similar to the main condenser, the 
‘principal. dimensions being as follows: 


‘Length between tube sheets, feet and inches 
of tubes fitted, feet and inches 
Thickness of tube sheets, inch 


Cooling surface, square feet..... 
Circulating water inlet and outlet, diamieter, inches. 


It is provided with the following 

50-k.w. turbine generators, exhaust pipe, 14 inches diameter. 

Auxiliary exhaust discharge to auxiliary condenser, 7 inches 
diameter. 

Main H.P. turbine exhaust, 12 inches Somaiies 

A 5-gallon boiler compound tank, similar to that on the 

main condenser, is fitted to the auxiliary condenser. 
_ Auxiliary Air Pump.—One auxiliary air pump of the 
Blake vertical, simplex, featherweight type is provided. It 
has a 5-inch diameter suction from the auxiliary condenser 
and a 4-inch discharge to the feed and filter tank. 

Auxiliary Circulating Pump.—One auxiliary circulating 
pump of the centrifugal type, driven by a vertical single- 
cylinder reciprocating engine, supplies cooling water to the 
auxiliary condenser. It is provided with a 7-inch suction 
nozzle and a 7-inch discharge to the condenser. | 


FEED SYSTEM. 


Three modes of supplying feed water to the boilers are 


provided, viz: main feed system, auxiliary feed system, and 
injector. 
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Main Feed System—The main feed ‘system is served by a 
main feed pump located in the forward part of the engine 
room. ‘This pump is‘ of the Blake, vertical, simplex, piston’ 
type. It is provided with a 4-inch suction manifold, whereby 
it’can take’ a suction*from the feed and filter tank or from 
either of the reserve feed-water tanks. It discharges to the 
main feed system by way of the 8-inch pipe through a Riley 
multi-screen feed-water filter and greasé extractor, atid a 
25-inch Riley multicoit feed-water heater.’ | A by-pass is pro- 
vided around this latter’ From the feed heater a 83-inch pipe’ 
is led to the fireroom, where four 114-inch bratiches are’ 
taken therefrom which lead to the lower water pockets of 
each boiler, discharging into a perforated pipe running the 
entire length of the pocket: ‘This pipe is encased’ in sucha 
manner that practically all feed water is deflected to the 
two outer rows of tubes, i. ¢., the two rows of tubes farthest 
from the furnaces, from whence it discharges to the steam 


drum. The feed. pipes are provided with the usual _stop 
valves and check valves. at. the boiler. 


Feed W ater Data. 


Length of coil, feet and inches, 
Number of turns. 


Feed ond —The feed. 
system, served by the auxiliary feed pump, which is similar 
to the main feed pump, and by. a 2-inch Pemberthy auto- 
positive injector, both located in the fireroom, takes its feed.’ 
by way ofa 4-inch suction from either of the reserve, feed 
tanks or from the feed and filter tank, and discharges through | 
a 38-inch main from which 2-inch branches are led to. each 
boiler. The auxiliary feed enters the lower, part.of the. 
steam drum, discharging into a 2-inch perforated internal feed . 
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pipe running the entire length of the drum. The injector 
is provided with a 2-inch suction from the feed and filter 
_ tank, with a 2-inch discharge to boilers, by way of the 
auxiliary feed system. _ 

Boiler Blows.—Each boiler is with one 134-inch 
surface blow, leading from the steam drum, and two 14-inch 
_ bottom blows, one from the bottom of each water pocket. 
A connection is provided from the boiler blow pipe whereby ~ 
the boilers may be pumped out by means of the auxiliary feed 
pump through a 3-inch suction, the auxiliary feed pump being 
provided with a 3-inch discharge overboard to facilitate this 
latter. 

Make-up Feed Connections—A make-up feed connection 
is provided-from both reserve feed tanks to the main air-pump 


suction. 
_ FORCED-LUBRICATION SYSTEM. 


“All bearings of main turbines, reduction gear, 300-k.w. 


generators and main circulating-pump engine, are provided 
with forced lubrication. This system is supplied by two 
pumps of the Blake, vertical, simplex, piston type. Cooling 
water for the oil cooler is supplied by a similar pump. All 
bearings drain to the lubricating-oil drain tank, a tank of 
about 300 gallons capacity built into the double. bottom. 
Each bearing drain to this tank is provided with a sight 
glass, which makes it possible to readily observe the flow of 
oil from any bearing or group of bearings. ‘The forced-lub- 
rication pumps take their suction from this tank through a 
suction strainer discharging through the oil cooler to the 
various parts requiring lubrication. 

The oil cooler is a 4-flow, straight-tube type, having a cool 
ing surface of 252 square feet. 

A reserve lubricating-oil tank’i is provided, — a capacity 
of 200 gallons. 

A settling tank of 200 gallons capacity ‘provided with a 
steam coil is installed for the of 
grit, etc., from the oil. | 


| 


U. S. S. BUSHNELL. 683 


A suction is provided from oil tank in the after double 
bottom whereby the lubricating-oil pumps’ may be used to 
transfer oil from this storage tank to a submarine alongside, 
by way of hose connections on the main deck at frame 104, 
port and starboard. Deck connections are provided for filling 
all tanks. In addition to the lubricating-oil storage above 
_ mentioned, tanks are provided in the after engine-room 
storeroom for engine oil, cylinder oil and lamp oil; on the 
dynamo flat for dynamo oil, and on the auxiliary flat, port, 
for ice-machine oil. These tanks supply the necessary oil. 
for hand lubrication. All tanks are provided with a common 
deck filling connection and with suitable drains and cocks 
so that the proper oil only may be distributed to the desired 


FUEL OIL SYSTEM. — 


Fuel oil is stored in seven double-bottom tanks forward, 
three deep tanks just forward of the fireroom, two deep 
settling tanks outboard of the fireroom, and six double-bottom 
tanks beneath the engine room and aft. Two 4-inch Navy 
standard: fuel-oil filling connections are provided on each side 
of the vessel, those on the port side being at frames.75 and 
99, and those on the starboard side at frames 75 and 103. 
These connections combine in a single 6-inch lead to the fuel- 
oil suction and filling manifold at frame 73 in the fireroom, 
and with a 6-inch transfer connection leading to the after. 
manifold in the engine room at frame 96 starboard. All 
tanks are provided with ample vents and with sounding pipes, 
and all pipes from deep tanks have valves outside the aes 
a from the second deck. 


PUMPS AND CONNECTIONS. 


Booster Pump.—A single booster pump of Blake, vertical, 
simplex, piston type is installed in the fireroom on the port: 
side. The suction and discharge connections are so arranged 
that oil may be transferred from the forward tanks to the 
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after tanks or vice versa. The deep settling tanks may be 
filled from either the forward or the after tanks by way of. 
the settling tank low suction to which a branch from the 
booster pump discharge is led: The booster pump is also’ 
provided with a discharge to filling connections on the ship’s 
sides by way of a 3-inch meter. This connection is for the. 
purpose of supplying oil for submarines alongside. A con-: . 
nection is also provided from the discharge side of this pump 
for filling the foundry fuel-oil furnace storage tank vee 
on the main deck within the foundry space. et 

Fuel-Oil Service Pumps—Two fuel-oil service ‘pumps of. 
the Blake, vertical, duplex, piston type are installed. Fuel. 
oil may be taken by: these pumps from either: the settling-tank 
high suction, the settling-tank low suction, or the transfer line 
through a 24-inch duplex Schutte & Koerting suction strainer. 
A suction connection is also provided whereby the suction 
from the settling tank low suction | may be by-passed around 
the suction strainer. These pumps discharge through a 114- 
inch meter, which is by-passed to two Schutte & Koerting 
spirally-corrugated film fuel-oil heaters, also by-passed, and 
through a 1%4-inch Schutte & Koerting duplex discharge 
strainer to the burners. A discharge branch from these pumps _ 

is led overboard, so that water pumped from the settling tanks 
by way of the settling tank low suction may be discharged 
overboard. Thermometers are fitted at the inlet and outlet of 
the heater ; relief valves are fitted to the discharge side of the 
pump, and a governor fitted in the steam connection to the 
pump. The steam connections to the fuel-oil service pumps 
and the fuel-oil booster pump are $0 arranged that they may 
be shut off from the second deck. 

Condensed steam from the fuel-oil heaters is led through 
a bucket trap to an inspection tank, from whence it is drained 
to the feed and filter tank... This inspection tank is provided 
with a float valve'so arranged that the water level is always 
kept -well above the drain outlet, so that leaks in the oil’ heater 
will be indicated by the presence of a film of oil on top of the 
water in this inspection tank. : 
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FORCED—DRAFT BLOWERS. 


Two forced-draft blowers, consisting of a vertical type 
ZVM Terry turbine directly ‘coupled to ‘a 25-inch open Keith’ 
fan, are installed. Each blower is capable delivering 
12,000-cubic feet of air per minute against’ a head of 3'inches 
of water, when running at 1,600 r.p.m.° These turbines are’ 
designed to operate at 200 pounds steam pressure and 10 
pounds back pressure. Each turbine normally 
18. isi: 

MAIN STEAM PIPING. 


A 4%-inch main steam pipe. is led from a stop valve on 
each boiler to a common. Y fitting at the after fireroom bulk-. 
head, from whence a 6-inch pipe is led to the main turbine 
maneuvering manifold. From this manifold leads are taleen 
as follows: 


5-inch to low-pressure turbine; 
4-inch to astern turbine. 


Double-beat throttle ote are fitted in ca of tees lines 
at thé maneuvering manifold, and in addition, governor valves 
of the piston type are fitted in the lines to the high-pressure 
ahead and low-pressure ahead turbines. ‘These valves and 
their connecting mechanism are described later under electric 
plant. The low-pressure ahead and astern throttle valves 
are interlocked in such a way that it is impossible to admit 
steam to both turbines at the same sane which. = 


_ AUXILIARY STEAM PIPE. 


An auxiliary steam pipe with 4-inch branches from each 
boiler is led in a complete circuit around: the engine and~ 
firerooms ‘with cutouts in suitable locations. |All steam for 
auxiliary machinery is taken from this igi Siig directly or 
through reducing valves. 
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MAIN EXHAUST. 


The high-pressure turbine is-so connected that it may ex- 
haust to the auxiliary condenser, to the main condenser. 
through the low-pressure turbine casing, and to the steam 
chest of the low-pressure turbine. The low-pressure tur- 
bine exhaust trunk leads direct to the main condenser. 


AUXILIARY EXHAUST. 


The auxiliary exhaust pipe forms a complete circuit 
around the engine room and is provided with a branch in 
the fireroom. ‘The exhaust of all auxiliaries, except the two 
50-k.w. turbo generators, which exhaust directly to the 
auxiliary condensers, is taken care of by this line, which has 
outlets and discharges as follows: 


Auxiliary condenser ; 
Main condenser ; 
L.P. turbine casing ; 
Feed water heater ; 


To the atmosphere, by way of the fireroom branch. 


The connettions at the condensers and to the turbine cas- 
ings are provided with spring-loaded back-pressure valves. 
The other connections are fitted with ordinary stop valves. 


EVAPORATOR AND. DISTILLER PLANT. 


An and distilling plant is installed, of 
making 7,500 gallons of water per day of 24 hours. The 
connections are so arranged that the plant may be worked 
either single or double effect. The steam generated in the 
shell of either evaporator may be directed either into ‘the 
auxiliary exhaust line or to the distillers as desired. The 
distillers are located. in the engine hatch, starboard side, for- 
ward. They drain to a small distiller-drain tank directly 
below the: distiller fresh-water pump, which transfers the 
water to the ship’s tanks, or this tank may be drained by 
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gravity to the feed and filter tank or to the reserve feed- 
water tanks. 

Distiller and Evaporator Data—Two distillers, 20-inch i in- 
side diameter, Riley multicoil, Type D, 23 feet 6 inches, of 
1-inch O, D. copper tubing, .065 inch thick, made into coils 
of 25 turns each, 45% inch O. D., 3 feet 4 inches long, 8 coils 
per distiller. 

Two evaporators, Riley multicoil type, 36-inch, I. D., 23 
feet 2 inches of 1-inch O. D. copper tubing, No. 16 B. W. G. 
thick, made into coils of 24 turns, each 454 inches O. D., 
3 feet 3 inches long, 12 coils per evaporator. 


REFRIGERATOR PLANT. 


A complete refrigerator and ice-machine plant is installed, 
consisting of two one-ton Allen dense-air refrigerating or 
ice machines, horizontal, steam-driven type, located on the 
port engine room flat aft, two ice-making boxes, six No. 40 
cans each, located on the second deck, port side, and three 
_cold-storage rooms, located on the platform deck forward. 


COMPRESSED-AIR WORKSHOP SYSTEM. 


A No. 100 compressed-air system is installed for workshop 
tools, blowing boiler tubes, boiler fuel-oil atomization for 
port use, foundry fuel-oil furnace atomization, fuel-oil air. 
chamber charging, operation of submarine signal bell, etc. 
- Outlets are provided in the boiler room, machine shop, black- 
smith shop, coppersmith shop and foundry. This system is | 
supplied by two Westinghouse, vertical, single-stage, single- 
cylinder, steam-driven air compressors of .a capacity of 45 
cubic feet of free air per minute, located on the port engine- 
room flat. Accumulators of ample size are fitted in the 
boiler room and in the machine shop: Compressors are pro- 
vided with automatic constant-pressure governors,. A branch 
from the high-pressure torpedo compressed-air system is con- 
nected to this system through a suitable reducing valve. 
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TORPEDO COMPRESSED-AIR SYSTEM: 


A high-pressure torpedo compressed-air system is installed 
for the purpose of charging torpedoes and charging air banks 
of submarines alongside, and for salvaging purposes if. neces- 
sary. A main is run fore and aft which is provided with 
branches leading to six ‘outlets, three on each side of the 
vessel, forward, amidship and aft. Portable charging pipes 
are provided for connecting to air banks of submarines and 
for supplying air for salvaging purposes, as desired. This 
system is supplied by two electric-driven torpedo-air com- 
pressors of the Platt Iron Works manufacture, installed in 
the torpedo-testing room port and starboard. They are of 
the 4-stage type, of a capacity of 50 cubic feet per hour at 
2,500 pounds per square inch. Air accumulators of the total 
capacity, of approximately 25 cubic feet are e installed: in the 
room, 


MACHINE SHOP. 


A machine shop is of tak- 
ing care of the ordinary run of repair work required on sub- — 
marines. ‘The equipment consists of the following: 

One hand wood trimmer. 

One pattern maker’s lathe, extension gap type, 18 inches by 
24 inches, with gap closed, capable of taking 6 feet between | 
centers with gap open, and swinging 34 ames 

One 32-inch band saw. — 

One power-driven hacksaw, capacity 7-inch by 8-inch solids. 

One 16-inch sensitive drill press. 

One 14-inch by 7-foot tool-room lathe. 

One double emery grinder, wheels 2 inches by 12 ne: 

‘One’ 14-inch by 5-foot tool-room lathe. 

One 2%-inch radial drill. 

One 16-inch by 32-inch extension gap lathe (engine), cap-- 
able of taking 7 feet 2 inches between centers when gap is 
extended and swinging 32 inches through the gap. 

One universal milling machine, No. 1 B. Hendey type, 
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~ longitudinal travel of table, 32 inches; transverse travel of 
table, 6 inches; vertical travel of table, 18 inches... - 
One 15-inch Potter & Johnson Universal .tool-room shaper. 
A tool room is installed amidships, provided with neces- 
sary tool racks, benches, etc. Work benches with vises, both 
wood and metal, are installed in convenient locations. 


ORPEDO-TESTING ROOM. 


An 8-inch back-geared precision lathe of the Rivett type | 
is installed in the torpedo-testing room for work on torpedo 
parts. 


FOUNDRY. 


A well-equipped foundry is installed on the main deck, pro- 
vided with a Mircs fuel-oil furnace, and having the usual 


molding benches, flasks, racks, and complete equipment of 
foundry tools. 


BLACKSMITH SHOP. 


The blacksmith shop is installed in the after part of mid- 
ship deck house, port, and supplied with one No. 4 Beaudry 
Peerless power hammer, rated at 100 pounds, electric driven. 
One Buffalo down-draft electric-driven forge. It is equipped 
with the usual work benches, anvils, racks, tools, etc. 


COPPERSMITH SHOP. 


The coppersmith shop is installed on the main deck i in the 
’ midship deck’ house, aft, on starboard side. It is equipped 
with the following tools: : 
One hand-operated forming machine with 3-foot rolls. 
One hand-operated seaming machine to take work of 3 feet 
length, 
is supplied with the hand tools, 
metal racks, etc. 
ELECTRIC PLANT. 


The electrical system is supplied with current from two 
50 k.w. generators, each driven by two-stage, condensing, 
horizontal Curtiss steam turbines, running at 3,300 r.p.m., 
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and from two 300-k.w. generators, each driven by one of | 
the ship’s main propelling engines, which consists in the case 
-of the starboard engine of a six-stage, high-pressure, Parsons 
marine steam turbine, while the port engine is a six-stage, 
low-pressure turbine of the same type. A five-stage astern 
turbine is incorporated in the after end of this low-pressure 
turbine. The 300-k.w. generators are fitted at the forward 
end of these turbines and direct connected to them through 
4-inch claw clutch couplings: 


MAIN TURBINE GENERATORS AND OPERATING GEAR. 


Two governors are provided for each of the ahead tur- 
bines, one being connected to each turbine rotor shaft, the 
other to each 300-k.w. generator shaft. The first mentioned 
governor is intended for propeller duty only, and is so ad- 
justed that when the speed of the turbine exceeds the normal 
by a predetermined amount, 7. ¢., when a speed of 2,250 r.p.m. 
is reached, the turbine governors, acting through a system of 
levers and cranks, cause a butterfly valve in the main 6-inch 
steam pipe to close. The generator governors are so adjusted 
that when on generator duty they perform the same function 
when the generators reach a speed of 1,600 r.p.m., or 100 
r.p.m. above the normal speed. In addition these latter gov- 
ernors, acting through a system of levers attached to a relay 
type of sliding piston-governor valve, regulate the speed of 
the turbines to compensate for load variation on the genera- 
tors by throttling the steam admitted. 

The two 50-k.w. machines supply direct current at 125 volts 
to the ship’s lighting fixtures, receptacles, switches and re- 
ceptacles, signal lights, running and anchor lights, search- 
lights, radio outfit, ventilation sets, deck winches, workshop . 
machinery, fresh-water pump, laundry machinery, and to the 
interior communication systems. : 

The two 300-k.w. generators, which are primarily intended 
as battery-charging generators for charging storage batteries 
of submarines alongside, supply direct current at a voltage 
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which may be varied from 125 volts normal, when used for 
lighting purpcses and for power, to 300 volts normal, when 
used for storage-battery charging. ‘These machines are the 
only sources of current for the two torpedo-air compressors, 
as these compressors pull too large a load for the small ma- 
chines. 5 

The two-wire system of distribution is weed ‘ievuediac 
the various circuits being fed direct from the main switch- 
board, located on the dynamo platform starboard side, for- 
ward of the 50-k.w. generators, and from auxiliary distribu- 
tion boards, located in certain compartments or sections of 
the vessel; these distribution boards in turn feeding from 
the main switchboard. The total output of the plant is con- 

trolled from the main switchboard located as noted above. 

_ The current supply for the entire interior communicating 
system is controlled from the interior-communication switch- 
board, located just forward of the main switchboard. This 
switchboard supplies 125 volts direct current to the circuits 
requiring same, and also to the interior-communication motor 
_ generator, and to the storage batteries for the interior-com- 
munication system which operate on 20 volts direct current. 
The low voltage from the I. C. motor generators and bat- 
teries is also distributed from the. interior-communication 
board. 

Storerooms under the dynamo platform are provided for 
spare parts of electrical apparatus, iis instruments and 
other necessary stores. 

A complete radio outfit, provided by the government and 
installed by the contractors, is fitted, with switch panel in the 
radio room and duplicate motor generators with automatic 
Starting panel installed on the second deck forward. 

A complete submarine-signal apparatus is provided and 
installed. The bell is of the electro-pneumatic type, air being 
supplied to it from the workshop SompteaP ame: ‘system via a 
ppitable valve. 
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LUBRICATING OILS. 


LUBRICATING OILS. 


OF TESTING.’ 


By (Juntor Grave) J. L. U.S. 
Navy, MEMBER. 


This article will deal with the lubricating oils used in marine 
service, having the special miaheriyr a of the naval service 
particularly in view. 

Up to about five years ago the Navy Department fabuel 
specifications covering each oil required; these specifications 
called for a certain flash point, specific gravity and viscosity, 


and usually enumerated several simple tests that would be 
made. This practice was similar to the practice of all railroads. 
and industrial corporations, and one which is still followed 
-by a few large firms. A few years after the establishment of 
‘the Engineering Experiment Station at Annapolis, Md., the 
study of lubricating oils was taken up and simple tests were 
‘made on oils purchased for naval use. The continued exam- 
ination of oils developed a number of special tests which _ 
finally led to a change in the method of purchasing lubricating 
oils. 

- Instead of requiring all oils submitted by prospective bid- 
ders to meet definite specifications, each oil was required to 
pass satisfactorily the tests made at the Engineering Experi- 
ment Station before they were placed on the acceptable list. A 
memorandum was issued to all firms bidding on the Navy 
contracts setting forth in a general way the tests that would: 
be made on the various oils. The old method had the disad- 
vantage that an oil could be submitted which would meet each _ 


692 

a 


LUBRICATING OILS. 693 


item of the specifications and still would not lubricate prop- 
erly; also the requirements of the old specifications regarding 
specific gravity and flash point were found to limit the number 
of competing firms without increasing the lubricating value 
of the oils submitted. The memorandum issued by the Bureau 
of Steam Engineering of the Navy Department has been 
changed several times, each time broadening the requirements 
in a few particulars and narrowing the requirements in others. 

The important paragraphs of the recent memorandum are 
given below. 

(a) “All oils not known to be satisfactory are subject to 
test at the Engineering Experiment Station, Annapolis, Md., 
and to a further test in service on board ship when considered 
necessary, before being considered acceptable by the Bureau of 
Steam Engineering. 

(b) “The complete test of an oil consists of three parts, 
namely: chemical, physical and practical tests. 

(c) “To successfully pass the chemical tests all oils should 
be neutral in reaction and should not show the presence of 
moisture, matter insoluble in petroleum ether (hard asphalt), 
matter insoluble in ether alcohol (soft asphalt), free sulphur, 
charring or wax-like constituents, naphthenic acids, sulpho- 


nated oils, soap, resin or tarry constituents, the presence of 


which indicates adulteration or lack of proper refining. Ex- 
cept in oil for engines without forced lubrication, no traces of 
fixed oils (animal or vegetable fats) should be found. 

(d) “In lubricating oil for main engines without forced 
lubrication, approved fixed oils, such as rape seed, olive, tallow, 
lard and neatsfoot oil may be used. When the above fixed 
oils are used they will be well refined with alkalies, unadul- 
terated, containing a minimum of free fatty acids, with no 
moisture or gumming constituents. Olive oil should not have 
a high specific gravity. If satisfactory emulsifying results can 
be obtained with straight mineral oils on “engines without 
forced lubrication they may be submitted for service test. 

‘(e) “The physical tests applied to each oil are as follows: 

45 
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“4 { Specific gravity—pyknometer. 
7 Baumé gravity. 

“2. Flash and fire point ‘(Cleveland open cup, Pensky 
Martin closed cup). 

“The flash point should not be below 300 F., closed cup; 
and for steam cylinder oil not below 450 F. 

“3, Cold point.—The cold point should not be pn 32 
F., except for cylinder oils. For ice-machine oils it should 
be as low as possible, at least low enough for the operating 
condition of minus 15 F. in a dense-air ice machine. 

_. “4, Viscosity——The Saybolt Universal Standard Viscosi- 
meter is used. The viscosity of the oils must be sufficient for 
the purpose i intended, and, except for ice-machine oils, must not 
be less than 140 seconds at 100 F. Viscosity i is taken at 100, 
130 and 210 F. 

“5. Emulsion tests—Emulsion tests are made on _ all 
straight mineral oils, except cylinder oils. Four emulsion runs 
are made, using 40 c.c. of oil in each case and 

(a) 40 c.c. of distilled water ; 

(b) 40 c.c. of salt water ; 

(c) 40 c.c. of normal caustic soda ecdesion; 

(d) 40 c.c. of boiling distilled water. 

The mixture is stirred with a paddle for five minutes at 1,500 
revolutions per minute, the mixture being kept at a temperature — 
of 130 F. during the stirring and while settling out. On oils 
used with forced lubrication or on ice machines the oil must 
completely settle out in less than 20 minutes, . 

“6. Friction tests are made on the Bxperiment Station fric-. 
tion machine to determine the relative friction of various oils 
under varying conditions of speed, bearing-cap pressure and 
temperature. 

(f) “ Practical tests. of oils for forced lubrication. are ‘made 
on the Engineering Experiment Station’s 75-kw. turbo-gen- 
erator, making 2,400 revolutions per minute, with the tem- 
perature of the bearing yarying from 180.to 210.F.. Tests of 
ice-machine oils, are, made on the, Y-ton Allen Ice 
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Machine. These tests cover a working period of at least 100 
hours. 

(g) “ Upon completion of the tests at the ifieinsertiiy Ex- 
periment Station a service test is usually recommended on all 
but cylinder oils. These tests are made on ships in commis- 
sion, and cover a period of several months. 

(h) “Oils should be submitted as follows: 

“1. Three oils (light, medium and-heavy) to be suitable for 
turbines, all forms of forced-feed or splash lubrication, dy- 
namo engines, and all internal-combustion engines (including 
Diesel type). These three oils should cover the required range 
of viscosity. 

Marine-engine: oil snitdble main engines without 
forced lubrication. This oil should form an emulsion when 
mixed with water, and may be either a compounded oil or a 
straight mineral oil. This oil must feed efficiently with wick 
feed, and not be washed off when mixed with water. 

“3. An oil for use on ice machines in*both the compressor 
and expander cylinders. This oil should not give off an ob- 
jectionable odor when used with the dense-air ice machine. | 

“4, An oil for steam cylinder lubrication. _ oil must 
be a straight mineral oil. 

“5, Oil for steam cylinders using superheated steam. This 
oil will be used on shore stations and should have a high flash 
point.’ 

The tests enumerated sie will be described i in a general 
way. 


CHEMICAL 


Moisture. 3 to4 cc ina test: tube walls of 
which have been thoroughly wet with oil) in a bath of liquid 
paraffine up to 300 F. Qils containing water will form emul- 
sions on the walls, also cause foaming and spluttering. A 
test is also made with a mixture of oil and eosin to determine 
faint traces.of moisture. by changes of color. The presence’ of 
moisture. is. particularly undesirable, in, transformer, oils, .but 
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there is danger of its forming objectionable emulsions in mt 
straight mineral oil. 

Sulphur.—Boil about 50 c.c. of oil with a piece of bright 
metallic sodium for half an hour; add water, heat and stir 
until sodium. is dissolved; pour off water and test remainder 
with a fresh 1 per cent. solution of sodium nitro prusside. If 
the mixture turns violet color the oil contains sulphur. When 
sulphur is found an additional test for sulphonated oils is made. 

Acids or Alkalis—Heat for % hour with frequent stirring 
25 c.c. of oil and 50 c.c. of neutral distilled water. Test a 
few c.c. of the mixture first with methyl-orange to determine 
the acids, and another portion with phenol-phthalein for the 
determination of alkalis. Acids and alkalis cause emulsions. 
Acids also cause corrosion of journals and other metal parts. 

Matter insoluble in ether alcohol.—Shake 11 c.c. of oil and 
14 cc. of ether alcohol (8 parts ether and 6 parts alcohol). 
After standing 12 hours, note the precipitate, if any, at bottom 
of cylinder. The precipitate will be asphalt, and even a trace 
would make the oil undesirable as a lubricant. Asphalt would 
cause scoring of journals and clogging of oil lines. 

Matter insoluble in high-grade gasoline.—Shake 3 c.c. of oil 
and about 300 cc. of high-grade gasoline (86-88 Baumé 
gravity). After standing 12 hours, note precipitate, if any, in 
bottom of glass. The precipitate will be soft asphalt or carbon 
particles, and a slight trace would make the ‘oil undesirable. 

Tarry or Suspended Matter—Same as above, except using 
5 c.c. of oil and 95 c.c. of gasoline, and allowing it to stand for 
Y, hour; then examine deposit, if any, for dirt or tarry matter. 

To Detect Fixed Oils—Heat 10 c.c. of oil with a small 
piece of metallic sodium. If the mixture becomes gelatinized 
or a semi-solid it indicates the presence of fixed oils. If an 
equal volume of oil is heated alone to the same temperature 
the viscosity of the two samples can be compared; if the oil 
contains fixed oils (animal or vegetable oils) the sample with 
sodium will’be much heavier than the sample heated alone. 
Straight mineral oils are used for all naval purposes afloat ex- 
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cept on marine engines without forced lubrication; and ex- 
periments are being made to determine whether or not a 
straight mineral oil can be used for the latter; an oil being 
required which will emulsify and not wash off when mixed 
with water. 

Effect of Heat.—Heat 5 c.c. of oil i in test tube over flame 
until vapors are evolved, and compare color of heated oil with 
color of unheated oils. If the heated oil turns black it’ shows 
the presence of undesirable carbon or hydrocarbons. 

Additional tests are made, depending on the purposes for 
which an oil is to be used. If it is a compotind marine-engine 
oil the name of the fixed oils and the percentage used is de-- 
termined; the percentage of free acid in the fixed oil is also 
determined, as all fixed oils contain a certain percentage of 
free acid, but usually not sufficient to cause corrosion of the 
journals. A quantitative test for sulphur can also be made by 
burning the oil in a special lamp. A distillation test has been 
made to determine the percentage of’ light and heavy fractions 
contained in various mineral oils. This test is being contin- 

ued, using samples of “ used” oils. 


PHYSICAL CONSTANTS. 


The physical characteristics are determined as follows: 

Color.—The color, although having no influence on the 
lubricating value, may be used to identify the sample. Ameri- 
can oils fluoresce with a grass-green color, Russian oils have 
a blue sheen; oils containing distillation residues and unfilt- 
ered oils are brown to green-black in reflected light. Nearly 
all mineral machinery oils are distilled and filtered to some 
extent and are transparent in a test tube, the colors ranging 
from a yellowish white to a blood red. The color may be de- 
termined in a tinctometer by comparing with different colored © 
glasses or lenses. These glasses are numbered and for ma- 
chinery oil extend from a number 1 (white) to number 6 
(red). 

Odor.—The odor may be deteirritalées by heating i in a test 
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tube or by rubbing on the hand, by whieh + means mie Oils, 
coal tar, rosin oils; etc., may be detected. 

Specific Gravity—The specific gravity is obtained tn: the 
use of the “ pyknometer,” this term signifying any vessel in 
which an accurately measured volume of liquid can be weighed. 
The bottle is first filled with distilled water at a temperature of 
60 F., and the weight of the water determined. The bottle is 
then filled with oil at a temperature of 60 F. and the weight of 
oil determined. The weight of oil divided by the weight of 
water gives the specific gravity at 60 F. The Baumé gravity 
is obtained by using the Baumé hydrometer, which is. simply 

"an ordinary hydrometer with a certain arbitrary scale. Baumé 
gravity may be converted into anes gravity - the follow- 
ing formula: 


P. 130 + Baumé 


Baumé gravity is largely used in commercial practice. 
The specific gravity does not affect the lubricating value of 
an oil, but indicates to the experienced oil man the locality 
_ from which the crude oil is obtained. For instance, the spe- 
cific gravities of the lubricating oils tested at the Experiment 
Station vary from 0,864 to 0.945. A Baumé gravity of 32 | 
corresponds toa specific gravity of 0.864, and a Baumé grav- 
ity of 18,1 to a specific gravity of 0.945, so that an increase in 
specific gravity is a decrease in Baumé gravity. The paraffine 
base oils of Pennsylvania derivation have an average specific 
gravity of 0.875 with a corresponding Baumé gravity of 30. 
The asphaltic base oils from Texas and California have an 
average. specific of: 0.930 witha Baumé 
of 20.. 
Figure (a) the ond (b) a hy- 
| immersed: in oil. 
Flash Point.—The flash is both the 
Cleveland open cup (Fig. II, a) and the Pensky-Martin closed 
cup (Fig. II, ®). The flash point of all oils is determined as a 
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measure of the volatility of the oils. The flash point of steam- 
cylinder oils is of primary importance, the required flash point 
depending on the temperature of the steam at the engine. With 
lubricating oils for bearings the flash point is important only 
in that it indicates the volatility of the oils, and the presence 
of kerosene or naphtha fractions, with the accompanying fire 
risks. In the case of very low flash-point lubricating oils it is 
desirable to run a special distillation or volatility test men- 
tioned under chemical tests. The flash point determined with 
‘the open cup is higher than with the closed cup, as the inflam- 
mable gasés on the surface of the oil are disturbed by the air 
currents in the open cup. These differences range from 5 de- 
grees to 40 degrees, with the average at 20 degrees. The pres- 
ence of very light ends (kerosene, napitha, etc. ) may | increase 
this difference to 100 degrees. 
_ Fire Point—This is the temperature at which the oil burns, 
and is determined by raising the temperature about 3 degrees 
a minute, applying the flame for about a second. The fire or 
burning point is from 30 degrees to 65 degrees higher than the 
flash point with all lubricating oils, the light ois — a . dif- 
ference of about 40 degrees. 

Cold Point.—Mineral oils become more viscous on cot 
and finally solidify. In lubricating oils refined from paraffine- 
base crudes, cooling first causes the paraffine particles to solid- 
ify, which gives the oil a cloudy appearance; with this class 
of oils this change i is known as the cloud point. 

‘The Committee on Lubricants of the American Saedets for 
Testing Materials uses the words “cold test” as a general 
term with sub-heads of.“ cloud test” and “pour test.” 

~The method recommended by this committee is used at the 
Experimetit Station, and’ in substance is as follows: Heat the 
oil to 150 F. and cool by air‘to 75 F. Take a bottle about 
14-inch inside diameter and 4 to 5 inches high and pour in 
oil to a height of 114 inches from the bottom: Insert a cold- 
test thermometer’ (specially made,’ using colored alcohol, and 
with a long bulb)’ through a tight fitting cork. A ‘special jacket 
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is used having an inside diameter about % inch larger than the 
bottle. Ice or any other cooling medium is packed around this 
jacket. When the oil is near the expected cloud point, at every 
2 degrees drop in temperature remove the bottle and inspect 
the oil, being careful not to disturb the oil. When the lower 
half becomes opaque, read the thermometer; this reading is 
taken as the cloud point. The cold or pour test is simply a 
continuation of the cloud test, except that the temperature is 
noted every 5 degrees and the bottle tilted till the oil flows, 
When the oil becomes solid and will not flow, the previous 5 
degree point is taken as the cold point of the oil. In the naval 
service a low cold point is required only on ice machines. All 
ice-machine oils should have a cold point.of minus 15 F., 
which will permit a brine temperature of minus 20 F. Oils 
used on motor-boat engines should have zero cold test if the 


boats are used in cold climates. The lubricating oils refined 


-from asphalt-base crudes, or Southern crudes, have a naturally 

cold point around zero degrees; these oils do not show cloudi- 
ness before solidifying. The oils from paraffine-base crudes, 
or Northern crudes, must be run through the filter presses to 
squeeze out the paraffine before a we cold test can be ob- 
tained. 

Viscosity. —The viscosity of a ies oil is the most 
important constant to be determined. The viscosity of an oil 
is inversely proportional to its fluidity, and is a measure of its 
internal resistance or resistance to flow. The absolute viscos- 
ity is determined from the amounts flowing through capillary - 
tubes, the results being given in C. G. S. units. The determina- 
tion of the absolute viscosity is a very difficult operation re- 
quiring complex apparatus and a relatively long time. Sev- 
eral absolute viscosimeters have been invented ; but to date none 
of them are considered practical enough for the routine testing 
of oil. 

There are three well known commercial viscosimeters: the 
Engler, which is largely used in Europe; the Redwood, which 
is the English standard; and the Salbolt Standard Universal, 


700 
| 
. 
| 

| 
q 


| 
b 
| 
H 
if 4 
y ; : 
it ; 
| 
a | 


% 
: | 
és 
~ 


| 
| 
| 
| 
| 
| | 
~ 4%, 
| 
a 
4 - \ 
4 


LUBRICATING OILS. 


which is extensively used in this country. These'three viscosi- 
meters have been carefully compared at the Bureau of Stand- - 
ards by Dr. C. A. Waidner, and conversion tables have been 
prepared. The use of this type (the short capillary-tube type) 
has several disadvantages, the principal one being that the read- 
ings are simply comparative, and have no direct relation to the 
C. G. S. units of time, mass and length. The accepted theory 
-advanced by Ubhelohde* is that the viscosity (absolute) is di- 
rectly’ proportional to the internal friction of the lubricant, 
and that the viscosity is a direct indication of the friction which 
will be developed in a bearing. The use of the three commer- 
cial types (given above) is therefore allowable, as they will 
give the relative viscosity and corresponding friction of dif- 
ferent oils. The readings of these viscosimeters may be cori- 
verted to absolute viscosity units by using Ubhelohde’s formu- 
las, thus permitting the use of the commercial machines for 
scientific work, providing the proper corrections are meee in 
regard to gravity and temperature. 

Under normal conditions of bearing lubrication the lightest 
oil that will prevent seizing should be used to obtain a minimum 
frictional loss. 

In Figure III is shown the Saybolt aes Standard ma- 
chine. At the Engineering Experiment Station four machines 
are used, on which very concordant results can be obtained. 

Friction Machines.—Figure IV shows one of the friction 
machines designed and used at the Engineering Experiment 
Station. The machine consists of a hollow-steel journal, one 
foot in circumference and six inches in length, driven by a 
variable-speed motor. The bearing is of the usual white metal, 
_ and is lubricated by a forced-feed system, consisting of a small . 
geared pump driven by a variable-speed motor; and a drain 
tank with cooling coils underneath the base of the machine. 
The load on the bearing is regulated by the calibrated springs 
shown in the photograph. An electrical heating unit is placed | 


Theory of by L.. Ubhelohde, “ General Electric Review,” 
November, 1915. 
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inside the so that the of the 
be varied. 

Usually three series of runs are made. The first series is 
made with a constant speed of 600 revolutions per minute (in — 
this machine also feet per minute), with a constant oil pres- 
sure of 15 pounds and with the bearing-cap pressures varying 
from 30 to 150 pounds per square inch. By measuring the — 
watts input to the armature the coefficient of friction is ob- — 
tained, knowing the load, speed, and armature position’ The 
second series consists of runs with a constant bearing-cap pres- © 
sure of 60 pounds per square inch, an oil pressure of 15 pounds, — 
and speeds varying from 600 to 1,800 revolutions per minute. — 
The third series consists of runs made with a constant bearing- 
cap pressure of 60 pounds per square inch, a constant speed of 
600 revolutions per minute, an oil pressure of 15 pounds, and 


with bearing temperatures obtained heat- 


ing unit. 

These tests are comparative only; the results being shaply 
the friction obtained by using various oils on this particular — 
bearing. ‘Tests have been made which show that the friction 
is directly proportional to the of oil at 
perature of the bearing. 

Figure V shows the three friction curves for the various 


runs made on a light oil. This figure also contains viscosity 
and specific heat curves for this oil. 


Emulsion Tests——Emulsion tests made machine 
by Lieutenant G.'S. Bryan, U. Navy. An im- 
proved type is shown in Figure VI. The method of conduct- | 
ing the test is described in the memorandum quoted at the be- 
ginning of this article: The emulsion is made with distilled 
water, ‘as there is always a possibility of fresh water getting 
in the system on board ship. Salt water is also used, as the oil 
coolers often leak, and in submarines the engine-cooling water 
seeps into the: oil system. Normal caustic soda solution is — 


taken, as there is a possibility of water containing boiler com- 


pound getting into the system. Boiling distilled water is used 
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lubrication system must not emulsify. If emulsions do occur | 
it will mean clogging of the oil lines, forming of residues in’ 
the base of the bearings, with a resultant loss of a large amount: 
of oil. In the examination of used oils received from cruising 
ships, very often an emulsion consisting of a large percentage 
of salt water, oil salt (NaCl), iron oxide (rust) and dirt will 
be found. The oil before use will not show an emulsion when 
stirred with salt water, but in the used oil the large percentage: 
of salt water becomes mixed with the oil and they are held 
together by the particles of rust and dirt. There is no prac- 
tical method by which this residue or emulsion can be poke 
up and the oil recovered. 

At present the only oil used on board ship which is required 
to emulsify with water is the oil for engines having wick-feed 
lubrication. To date an oil mixture composed of from 80 to: 
90 per cent. mineral oil and from 10 to 20 per cent. animal ori 
_ vegetable oil (rape oil, tallow oil, etc.) has been used for wick- 
feed lubrication. This fixed oil (animal or vegetable) will 
form a heavy, soapy emulsion when mixed with water, thus 
preventing the oil from being washed out when the water is 
turned on the outside of the bearing. Tests have been made, 
at the Engineering Experiment Station and on board ship in 
an endeavor to find out whether or not this compounded oil 
may be replaced with a straight mineral oil. The preliminary 

_results of these tests have been very satisfactory, and, if borne: 
out by further tests, will eliminate all fixed oils from use on 
board ship. 
Practical Tests—All oils submitted for forced-lubrication 
purposes are given a working test on the Experiment Station - 
75-kw. turbo-generator for 100 hours, with the generator run- 
ning at 2,400 revolutions per minute. The oil is placed in the 
main bearing, which has ring-feed lubrication. A careful rec- 
ord is made of the temperatures and of the amount of oil re- 
quired to keep the reservoir full. After the test the bearing 
and journal are carefully examined ; the oil is taken out from 
the various sections of the system, analyzed and tested. Natu- 


| 


< 


/ 
: 
| 
‘ 
~ 


* 


LUBRICATING OILS. 795 


rally a bearing of this type calls for a very light oil to give the 
best results. Nevertheless, all kinds of oils are tested on this 
bearing without resulting in any serious damage.. From the 
examination after use in the turbine, the action of this oil in 
service can be predicted as far as its lubricating value is con- 
cerned. 

Service Tests—These tests are made on board ship. ‘The 
oil to be tested is usually sent to a ship which has been using 
an oil which has proven satisfactory, and which has practically 
the same characteristics as the oil to be tested. This test ex- 
tends over a period of several months, and should be prolonged 
for at least 500 hours of steaming. During the test the fol- 
lowing data should be taken in order that the results may be 
properly interpreted : 

Amount, in gallons, of oil put in system at beietiely of test, 
and amount put in during test. 

Maximum and average temperatures obtained on bearings 
during test. 


Maximum and average temperature of oil entering the 
"system. | 

Average pressure carried on lubricating-oil pumps. 

Volume of oil passing through system at a cruising 
speed, in gallons per hour. 

Amount of oil boiled out, and the loss due to this boiling 
out; also, temperature at which oil is boiled out. 

Condition of bearings, tanks, and oil-feed lines after test. 

Number of hours of steaming while oil was under test. 

If, as is usually done, the oil to be tested is placed in the 
lubricating system of one engine room and the oil regularly 
used in the system of the other engine room the above data 
should be taken for both oils. After the test a 5-gallon sample 
of the new oil before use in the system, and a 5-gallon sample 
of the oil after use in the system, are forwarded to the Ex- 
periment Station for examination and test. This is done to 
insure that the oil furnished for service test is the same as the 
oil originally supplied to the station for preliminary test ; also, 
for the purpose of studying the used oils. 
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Special Tests-—Due to the relatively small amount of in- 
formation obtainable on the action of lubricants in service, it 
is necessary to continually develop new tests in order that the 
various new types of machinery may be properly lubricated. . 

- At present the study of oils after several hundred hours’ use 
in service is being made. Particular attention is being paid to 
the loss of oil by vaporization or. volatilization, and the re- 
sulting characteristics of the remaining oil in the system. . 

One test on the “ Fractional Distillation of Lubricating 
Oils’ was described by one of the Experiment Station chemists, 
Mr. J. G. O'Neill, in the May, 1915, issue of the JouRNAL oF 
AMERICAN Society oF Nava, ENGINEERS. Further tests 
along this line are being made in an endeavor to find out the 
percentage loss after use in service of the various kinds of 
lubricants. 

Tests are being made to determine the cause “a siieilnioeil 
and methods of preventing this yery undesirable condition. 

Tests for carbon deposits in internal-combustion engines 
have been made with various oils, but the results are not suf- 
ficiently conclusive for publication. 

A number of compounds have been tested which are sup- 
posed, when mixed with gasoline, to give increased power and 
speed, reduced carbon deposits and, at the same time, give ef- 
ficient cylinder lubrication, The tests on these substances to 
date have not been wholly satisfactory. | 

Determination of the specific heat of various oils have been 
made in connection with oil-cooler tests. Also a test to de- 
termine the rate of flow through pipes will be made very 
shortly ; the results to be used in the. designs of oil coolers and 
oil-feed piping. 

At the present time it is a cocpatetnely easy matter to ob- 
tain satisfactory oils for bearing lubrication by the employ- 
ment of the tests above enumerated. From the large amount 
of data accumulated at the Experiment Station, whether or not 
an oil will prove satisfactory canbe closely predicted by a con- 
sideration of the results obtained ‘on tests. 
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New mechanical features requiring new standards of lubrica- 
tion are always coming up, which necessitate new tests. The 
lubrication of the high-speed reduction gears and the efficient 
cooling of Diesel engine pistons are two of the problems now 
requiring solution, which will undoubtedly be solved by making 
careful chemical, physical and practical tests of the various 
lubricants to be used in connection with a any of - method 
of applying the lubricant. 

The tests described in this article have to a considerable ex- 
tent been directly responsible for the present efficient lubrica- 
tion of naval machinery, and a continued study will surely re- 
sult in more efficient lubrication and in a great reduction in the 
amount of oil used per horsepower developed... 
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THE LJUNGSTROM SYSTEM OF ELECTRIC DRIVE. 


By Lazu. (J. G.) W. B. Carrer, U. S. N., Memper. 


The Ljungstrém steam turbine which was invented and 
worked out by Messrs. Birger and Fredrik Ljungstrom, is a 
turbine of the radial-flow type, specially adapted to the driving 
of electric generators, as will be seen later. It is manufactured 
by the Swedish Ljungstrém Steam Turbine Co., Ltd., of 
Friespong, Sweden. The company was founded in 1913, and 
has taken up the manufacture of turbo-generators in connec- 
tion with the turbines. 

A very superior economy in steam consumption, great re- 
duction in weight and space, combined with increased working 
safety are the prominent features claimed for the Ljungstrom 
turbine system of electric propulsion. 

It has been found that in theory the most favorable steam 
consumption went with the reaction principle. The impulse 
turbines, however, present less difficulty in utilizing high tem- 
peratures and pressures, owing to their mechanical properties. 

’ In the Ljungstrom turbine, which is a reaction turbine, the 
mechanical difficulties heretofore considered inseparable from 
the application of the reaction principle have been overcome, 
it is claimed, and considerable economy from the use of high 
superheat at high pressure is obtained. 

The Ljungstr6m radial-flow turbine has two sets of blade 
rings, making two turbine wheels which fit together tele- 
scopically and rotate in opposite directions. The idea is to 
place an alternating-current generator on the end of each shaft. 
The current from these generators is sent toa motor or motors 
on the propeller shaft or shafts, and the ship thus driven. Up 

to date no direct-current generators or motors have been used, 
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and therefore this system would not seem to exactly apply for 
‘submarines, since the direct-current motors for the propeller 
shafts are necessary on account of using them with direct 
current from the storage battery when submerged. However, 
it is only a step to the direct-current generator or a converter 
used with the accelerated-current generators, thus making 
possible the use of direct-current motors on the propeller 
shafts. In view of this, the Ljungstrém system is thought 
worthy of consideration in the case of submarines. 


_ PRINCIPAL PARTS. 


Blading.—The turbine consists of two turbine discs with a 
number of concentrically arranged blade rings fixed on each 
disc. The blade rings of one disc run between the blade rings 
of the other disc at the same speed of revolution but in oppo- 
site direction. The live steam enters at the center of the tur- 
bine and passes through the blade rings radially outward. Al- 
though there are no fixed blades, the blades of one disc act as 
guide blades for the steam going to the blades of the other. It 
is seen that the relative velocity between blades and guide 
blades is twice as high as would be the case if one set were sta- 
tionary, and therefore the work done in each blade ring is four 
times as great. Consequently, due to the moving guide blades, 
only one-fourth the number of blade rings will be required to 
develop the work ordinarily obtained from the steam. This 
accounts for some of the saving in weight and space claimed. 

The steam enters at the center of each turbine disc (discs 
are practically identical) inside of the innermost blade-ring 
through a number of holes in the hub of the disc. (See Figs. 
land 2.) 

As the steam increases in volume by expansion the length 
of the turbine blades must be proportioned to meet this increase 
in volume. The. cross-section of a pair of, turbine discs with 
blade rings showing this blade proportioning would afer 
as shown in Fig. 3. 

In turbines of large powers requiring very large: quatitities 


of ~ single blades in the wide rings would not have suf- 
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ficient tensile strength to withstand the stresses set up by the 
centrifugal force at high speeds of rotation. In order to get 
around this difficulty the widest blade rings are divided into sec- 
tions shown in Fig..4. Something like Fig. 5 would result in 
large turbines if full-length blades were used. In Fig. 4 the 
sections are connected to strengthening rings which are at- 
to outer of the blade: rings. 


Fic. 4. 


The manufacturers feature their design and workmanship 
- of blade rings and blades. Fig. 6 shows the complete blade- 
ring system for a 1,000-k.w. turbine. It will be observed that 
‘this has the continuous full-length blades. Fig. 7 shows a 
‘blade ring consisting of several sections for a 
turbine. 

method of: assembling blades, and: is 
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Turbine disc .................. 1. Tightening strips 
i Caulking strips 
Caulking strip Strengthening rings 
‘Expansion ring Dovetail profile 
Rolling ridges : Turbine blades 
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| 
Fic. 8.—SECTION SHOWING BLADE RINGS AND STRENGTHENING RINGS. 


The ends of the blades are given the proper shape to fit into 
punched slots and are then welded to the disc by spot welding. 
During the welding the discs are held on a mandrel and the 
blades are kept in their proper positions by means of thin sheet- 
iron strips in which are punched holes of the same cross-sec- 
tion as the blades, and at a distance corresponding to the pitch 
and spacing of the blades. These strips are put in place at the 
time of assembling the blades and rings, and the angles of the 
blades are thus adjusted, and the blades prevented from being 
thrown out of place during welding. When the welding is | 
completed the sheet-iron strips are cut away and the welding 
discs turned down to.a finish of the profile shown by 10 in Fig. 
8. Outside these welding rings strengthening rings are fas- 
tened. The strengthening rings are first given a cross-section 
shape as shown ae 12 of Fi ig. 9, then.the projecting _— (6) 
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are rolled down to fit over the dove-tailed rim of the welding 
ring. The expansion ring is also secured by rolling down the 
edges (5) on the outer side of the strengthening ring. The 
seating-ring (2) edges are likewise rolled down over the outer 
bulbed circular ridge of the expansion ring. Finally the tight- 
ening strips (7) are placed in the grooves and caulked in by 
the caulking strips, and the blade ring is completely assembled 
as shown by Fig. 8. The surfaces (9) and the outer edges (7) 
of the tightening strips are finished off and the blade rings in- 
serted into their proper grooves in the turbine disc and secured 
there by the caulking strips (3). 

Turbine Discs.—Fig. 1 shows the appearance of a turbine 
disc made in one piece. Fig. 2 shows a turbine disc made in 
several sections. It is made in the latter way to avoid the 
stresses and alterations in shape due to the influence of the va- 
rying and irregularly distributed steam temperatures and pres- 
sures. This occurs most frequently when starting up. It is 
when steam is first admitted to the turbine that variations in 
pressure, temperature and load are most likely to occur. Even 
under uniform running there would be high pressure, high- 
temperature steam in contact with the center of the disc, while 
at the circumference or outer blades the steam would be at 
low pressure and lower temperature. Under such conditions 
a plane disc would take a dished shape. A very thick disc 
which would not dish would be subjected to internal stresses 
which would be liable to crack the material. The sections 
shown in disc of Fig. 2 are joined by means of expansion rings, 
which allow for any expansion or contraction and prevent 
stresses from taking place in the material. 

In each hub of each turbine disc are a number of holes for 
admitting steam to the blades (see 2, Fig. 2); also there are 
some holes arranged farther out on the disc to allow full-pres- 
sure steam to be admitted to the blades which ordinarily use 
expanded steam (see 3, Fig. 2). This is for full-power or 
overload work, and corresponds to our usual practice of by- 
passing the high-pressure turbine. _ 

The center hole of the turbine disc is tapering, and the hub 
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is secured to the shaft by means of a number of round keys, 
which are held in place by a locking device screwing into the 
end of the shaft. 

In order to avoid play between the hub and the shaft due 
to unequal heating, the shaft is made hollow inside the casing, 
and this serves to make the changes in temperature in shaft 
and hub to follow one another rapidly. 

Axial Thrust—The counteracting of the axial pressure on 
the inner side of the turbine wheel is accomplished by the aid 
of two dummy discs provided with concentric labyrinth pack- 
ings. One disc is placed at the back of the turbine wheel and 
the other attached to the stationary steam chests (see A and B, 
Fig. 10). Steam’ is admitted between the dummy discs from 
the center of the turbine, and the inner labyrinth packings have 
the full steam pressure. In the remainder of the packings the 
- pressure gradually drops as the distance of the packings from 
the center increases until it finally drops to condenser pres- 
sure, outside the outermost. The packings are divided into 
two sections. (see ae 11), and any axial motion of the ro- 
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FIG. 11.—ENLARGED DETAILS OF THE LABY— 
RINTH PACKING OF A Dummy Disc. 


tating wheel affects the clearances in these sections, so that a 
motion increasing the passages in outer section will not be in- 
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creasing them in the inner section, and vice versa. This.causes 
the labyrinth disc on the turbine wheel to take the position 
(axially) required for making the steam pressure on the entire 
dummy disc to equal the steam pressure on the side of the tur- 
bine disc to which the blade rings are fastened. Therefore no 
thrust bearings are used. . 

In Fig. 11 the labyrinth discs (3 and 4) are fastened to the 
turbine wheel and the steam chests by means of expansion 
rings shown in Fig. 10. . The tightening strips (7) are caulked 
into the annular projections (8) on the labyrinth disc, which 
have a small clearance fit into the similar grooves (9). Due 
to the proportions of the metal in the two labyrinth discs, the 
expansion is expected to remain constant and consequently 
cause no change in the clearances. 

Shaft Packings:—Another design of labyrinth packing is 
used to prevent air from getting into the turbine around the 
shaft. Fig. 13 shows the cross-section of two labyrinth rings. 
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Fic. 13.—CROSS-SECTION oF Two 


Pa CKING. 1,000 K.W.. TURBINE. 

Every other ring is fixed to the shaft. Those not fixed to the 
shaft are secured to the stationary stuffing box around the 
shaft. The rings are held by feathers which prevent them 
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from turning. The packing edges of the rings are very thin 
and are set at an angle of 45 degrees, and if by accident these 
edges come in contact with the ribs of the next ring there will 
be no damage done, the edge merely wearing off until contact 
ceases. 

The thickness of all the rings is the same, and therefore the 
clearances between ribs is expected to be constant, either hot 
or cold, as the expansion and contraction will remain constant 
in each. The clearances are therefore made very small, and 
consequently the leakage is expected to be very small. There 
are special pipes fitted to the packing boxes so that leaking 
steam may be sent to the feed-water heater and some of its 
heat utilized. 

Main Bearings.—A cross-section of the bearing with its ad- 
justing screws is shown by Fig. 15. The bearing consists of 
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two halves (6) and (7) within bearing boxes. The halves 
rest against adjusting screws through intermediary washers 
(8). The adjusting screws are locked by means of set screws 
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(9) and locking washers (10). There are twelve holes in the 
washer and only eleven in the bearing surface on which it 
rests. This allows for very accurate adjustment of bearing 
without too fine a threading of adjusting screws. __ 

The bolts (4) which hold the upper and lower halves of the 
bearing boxes together are tapered and fit accurately in reamed 
holes, thus at the same time serving as securing dowels for the 
cap. After the bearing boxes are adjusted, which is usually 
made during erection of the turbine in the shop, they will keep 
that position accurately and never need to be changed. ' To pre- 
vent the bearing from slipping axially and from being turned 
by friction another adjusting screw (21) is used. It has a 
spherical end which fits into a corresponding recess in the 
upper half of the bearing. The spherical. end is made eccen- 
trically to the axis of the adjusting screw, and therefore the" 
bearing can be shifted axially by turning the screw, which is 
afterward locked by a washer and set screw in the same way 
the main adjusting screws are locked. 

The two halves of the bearing are fastened together by the 
screws (13), which have their relative position fixed perma- 
nently by the dowel pins (14) and (15). The anti-friction 
metal is put into the bearing halves in the usual manner. 

Steam Inlet and Discharge.—The throttle valve with its 
strainer is outside the turbine casing (see Fig. 19). The high- 
pressure steam passes from it horizontally through the steam- 
inlet passage of the turbine casing, this passage being located 
within the steam-discharge passage. The inlet passage branches 
off here into two pipes B, and B, (Fig. 16), which join steel 
pipes b, and b,, and communicate with the chambers of the 
steam chests in the turbine casing. From here the steam is ad=_ 
_ mitted through the hubs to the center of the turbine wheels. 

By means of overload valves (Fig. 12), the stems of which 
are accessible outside of turbine casing, steam can be admitted 
when desired into the overload channels (Figs. 2, 11, 12). 
The overload valves are constructed to act automatically when 
conditions necessitate. The exhaust steam passes from the 
outermost blade ring through the annular space between it and 


| 
| 
| 
| 


— 


> 
a 
n 
= 


718 


| 
| 
| 
| 
H “An | 
| GY ow: 


< 
& 
p 
a 
2 

+ 
4 Z 
1 
< 
Zz 
Q 
> 
| 


x — Overload valves. 


LJUNGSTROM SYSTEM OF ELECTRIC DRIVE. 719. 


the turbine casing and through the discharge passage into the 
condenser below. 


“HEAT RADIATION INSULATION, 


Since the turbine is located in the exhaust passage and fitted 
with the small cross-section area expansion rings hereinbefore 
mentioned, the conduction of heat from the hot high-pressure 
parts to the comparatively cool low-pressure parts and the cas- 
ing is very slow and the casing requires no lagging. The only 
parts which do require heat insulation are the throttle valve 
and strainer and the pipes carrying the high-pressure steam 
through the exhaust passage to the center of the turbine wheel, 
and the small annular steam chests located in the turbine casing 
at the outer sides of the turbine wheels. As before mentioned, 
the shafts are hollow, and the small amount of heat transmitted 
from the turbine to the generators is absorbed by the lubricat- 
ing oil circulating in the bearings. The steam piping of the 
installation must, of course, be lagged as usual, in fact rather 
more than usual, as the steam used may be above 700 degrees 
F. (see test given later on). A considerable advantage for 
ships in the tropics is claimed for the Ljungstrom system, as 
this radiation factor is low and the engine room may be kept 
cooler than otherwise. 

Lubrication —The lubrication is by means of the usual: ro- 
tary-gear oil pump driven off the vertical governor shaft by 
worm gearing. The pump is mounted in the oil tank together 
with an oil cooler and a hand oil pump (see Fig. 19a). In Fig. 
17 the oil-pressure pipe (32) leading to the bearings and the 
return pipe (33) is shown. The connection of these pipes to the 
bearings is shown at the bearing (6) and in Fig. 15, where 
the pressure oil pipe to the box is designated by (19). The oil 
is pumped out (19) and into channels (18) drilled in lower 
bearing. Used oil flows from bearing box to reservoir through 
pipe (20). The method of preventing leakage of oil from the 
boxes is shown in Fig. 16. The body of the box surrounding 
the bearing is provided with two grooves (c) and (d), and 
with narrow ribs (e), the edges of which close tightly on the 
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Fic. 16.—LONGITUDINAL SECTION OF 1,000 K.W. TURBINE. 


- 


shaft. In the shaft, outside the journal, is turned a groove 
(f), the edges of which throw off the oil. From groove (d) 
is led a drain pipe (g) for used oil. The groove (c) communi- 
cates with discharge pipe 20 and with the narrow oil passage 
23 of Fig. 15, which is designed to prevent leakage between 
lower and upper half of bearing box. 

The quantity of oil per minute for a 1,000-k.w. turbine is 
about 6.6 gallons per bearing box. The pump for this would 
have a capacity of about 27 gallons per minute at about 35 
pounds per square inch pressure. Only about half this pres- 
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sure is required for bearings, cooler and frictional resistance 
of piping, but the higher pressure is to permit of operating the 
throttle valve by an oil cylinder. 


GOVERNOR. 


The governor is a centrifugal one mounted on the same ver- 
tical shaft as the oil pump. As mentioned above, this shaft is 
worm driven from the turbine shaft. The motion of the gov- 
ernor sleeve is transmitted by means of the lever (37) (see 
Figs. 17, 18 and 19) to the link (38) reaching down to the oil 
reservoir, and joining there to a small slide valve by means of 
which the oil pressure is controlled. From this control valve 
the oil is carried through a pipe (39) to the oil cylinder (40) 
arranged on the throttle valve (41). The oil pressure acts on 
the bottom side of the piston in the cylinder, the piston rod 
(50) of which is connected to the spindle of the throttle valve. 
The top side of the piston is acted on by a powerful spring. 
Underneath the valve a water separator and steam strainer are 
arranged. The control valve is opened by the oil pressure 
below the piston and is closed by the spiral spring as soon as 
the oil pressure drops below a certain limit. The position of 
the slide valve in the oi! reservoir, which valve is directly actu- 
ated by the governor, determines the pressure of oil in the cyl- 
inder over the throttle valve and thus the position of the oil 
piston and valve spindle. The valve spindle is connected to the 
levers (42) and (44) and to the shaft (43), whereby return 
motion is given to the sliding sleeve surrounding the slide valve 
‘in the oil tank, so that the motion of the throttle-valve spindle 
corresponds to that of the governor sleeve. 

Above the oil-pressure piston of the throttle valve is a spiral 
spring set at from 600 to 800 pounds, 4. ¢., about double the 
force available through the return motion on the governor 
sleeve. When the oil pressure drops to zero the spring will 
close the throttle valve. This will occur if the oil pressure is 


released by hand when stopping, or if the emergency governor 
takes action. 
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‘An emergency governor is fitted to each of the main shafts 
‘of the turbine outside the bearing boxes (see Fig. 17). It 
acts by means of a releasing device or trigger on a slide valve, 
which cuts off the oil pressure from the oil cylinder of the gov-. 


GENERATOR. 


Fic. 17.—SIDE AND END View oF 1,000-K.W. TuRBo- 


Width-across throttle valve, 6 feet 2 inclies. 
Heighth above floor, 5 feet 6 inches. 


Over all dimnensions 
Length, 18 feet. 
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ernor valve should speed become excessive. At the same time 
both ends of the pressure cylinder are brought in communica- 
tion with each other, so that the oil pressure ceases below the 
piston and the governor valve is closed by the spiral” spring 
above. 

An operating wheel (46) is used for raising and lowering 
the stop valve, which is mounted on the same spindle as the 
throttle valve. Prior to starting the turbine the operating 
wheel is unscrewed a couple of turns, the stop valve being 
opened just enough to admit the quantity of steam required to 
warm up the turbine. When warmed for a few minutes oil 
is forced in below the oil-pressure piston of the throttle and 
stop valves by a few strokes of the hand pump (21), and the 
valve spindle thus raised and the turbine started. The hand 
pump also sends oil to the bearings before starting. As soon - 
as starting takes place the rotary-gear pump starts and it sup- 
plies bearings and pressure piston of governor valve for auto- 
matic functioning. 

MARINE SERVICE. 


To give some definite idea of the application to vessels the 
following is a description of a plant used on a small 2,250-ton 
coasting steamer. This steamer, Mr. Ljungstro6m informed 
me, was a sister ship to one fitted with ordinary triple-expan- 
sion engines. The guaranteed improvement over the recipro- 
cating engine in steam consumption was 30 per cent. and that 
actually obtained was 42 per cent., including also the effect of 
the superheaters, which were not fitted to the réciprocating- 
engine vessel. The coal consumption per I1.H.P. was 86 per 
cent. of that of the reciprocating-engine vessel. = 

Description.—This plant will consist of two equal units em- 
bodying a double-rotation turbo-generator of 400 k.w. capacity 
running at 7,200 revolutions and generating 3-phase alternat- 
ing current of 500 volts and 120 full periods per second. The 
current thus generated is employed to drive two 3-phase mo- 
tors, both in their turn through spur helical gearing driving a 
common wheel attached to the propeller shafting. The mo- 
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FIG. 19.—1,000 K.W. TURBINE GENERATOR; FRONT VIEw. 
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‘ 
1,000 K.W. TURBINE GENERATOR FROM BEHIND. 
i 
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FIG. 194.—OIL-TANK WITH OIL- 
CooLER, GEAR-PuMP, HAND- 
PUMP, AND PRESSURE- 
REGULATING VALVE. 


a 
| 
‘ 
| 
H 4 
| 


EMRE SYSTEM OF ELECTRIC DRIVE. 725 


tors will run at a sane of 900. revolutions and the propeller 
shafting at 90 revolutions per minute. 

“ Each turbo-generator unit, consisting of turbine and two 
electric generators, is mounted directly on top of an ordinary 
surface condenser, having fitted on it electrically-driven air, 
circulating and feed pumps. 

“The air pump is to be of the ‘ rotary’ kinetic type and the 
two others of the ‘ centrifugal’ type. 

“The condenser is of the ordinary marine type, of has an 
ample cooling surface, enabling a vacuum of about 95 per cent. 
to be kept up when running at full speed. The above-men- 
tioned pumps are to be arranged so as to enable them to be used 
for either or for both of the generator sets, thus minimizing 
the chance of total break-down. The bilge pumps are driven 
independently by steam. 

“The maneuvering is done electrically. Speed regulation 
is obtained by resistance in the motor circuit and the reversal 
is effected by interchanging the poles of the phases. When 
the generators are unloaded, for one reason or the other, an 
automatic governor shuts off the steam accordingly. 

“The thrust from the propeller is taken up by a ball bearing 
at the forward end of the shaft carrying the common spur 
wheel, but in addition to this there is also a thrust bearing of 
the usual horse-shoe type, which comes in action if anything 
should happen to the ball bearing. 

“All lubrication of the moving parts of the generators and 
their auxiliaries, as well as the helical gear transmission, is au- 
tomatic. 

“The steam for the is -stipplied by two 

boilers of the usual cylindrical type at a pressure of 220 pounds 
above the atmosphere and at a temperature of 350 degrees 
Celsius. 

“The boilers are 10 feet 10 inches diameter, and 10 feet 9 
inches long, having a total heating surface (exclusive of the 
superheater) of c:a 2,140 square feet and a total bar surface 
of c:a 57 square feet. Each boiler has two. > car enuahe fur- 
naces 35 inches internal diameter. 

47° 
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“The boilers are fitted with Howden’s draft iand with 
Schmidt’s superheating arrangement. The air for Howden’s 
draft is supplied by the generators, the ventilation air from the 
rotors being carried by means of air ducts to this intake, where 
it is heated in the usual way before being admitted to the 
furnaces. 

“The superheater has a total surface of c:a 770 square feet 
divided into 48 sections. © 

“The boilers also have to supply saturated steam for the 
steering gear, electric-light installation, ballast, feed and ash- 
ejection donkies and deck machinery. < 

“The feed water is taken through heaters and filters tage. 
being returned to the boilers. 

“In order to protect the main condensers from fat and 
dirt from the auxiliary steam-driven donkies and the deck ma- 
chinery, an auxiliary or winch condenser i is — with all 
necessary connections.” 

Tests of two turbines are given. They are taken from trade 

catalogue. (The 500-k.w. is assumed to:be one of those in- 
stalled in the above-mentioned vessel, but the writer has no 
“proof that such is the case.) : 
_ The table and curves gives a summary of the results ob- 
tained in some official steam-consumption and efficiency trials 
made in Stockholm in 1910 and 1911 on two steam turbines 
of the Ljungstrom type designed for a normal output of 750 
and 1,500 B.H.P. pin ied (corresponding to 500 and 
1,000 k.w.). 

The test recorded in the last column was carried on at full 
load, and also at 34, % and % load. The curves reproduced 
show the results of this test both with regard to the total 
steam consumption of the turbine per hour and as regards the 
steam consumption per k.w. and per B.H.P. 

The improvements made in design since the above-mer- 
tioned tests have, it is claimed, further reduced the steam con- 
sumption, which will be lower still for units of greater output 
than in the case of the 1, one k.w. turbine generator just men- — 
tioned. 
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According to calculations, a turbine generator designed for 
a normal output of 5,000 k.w. will, at a steam pressure of 300 
pounds per square inch, a steam temperature of 750 degrees 
F., and an absolute back pressure in the steam exhaust of 1 


inch of Hg., consume about 6.5 pounds of steam per B.H.P. 
per hour. 


STEAM PRESSURE, 162-166 £05 PER iN. 
STEAM TEMPERATURE, 667° 676°F 


Vacuom ar EXHAUST, 753-96 Fo 
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Official Tests of Steam Turbines With Two Shafts of the 
Double Rotation Type. 


Rated output of steam turbine .H.P.: 1,500 B.H.P. 
Duration, minutes 4o 60 
Total on both turbine shafts, 
Electric output of generators, k. Wee 972 1,000.5 
Revolutions of both turbine shafts, per. 
minute....2.. 3,000 
Steam pressure after governor valve, per 
square inch (absolute) ........... 
Absolute pressure in exhaust to con- 
denser, inches, Hg 
Te of. after governor 
alve, d 
Temperature of condensed steam in 
measuring tanks, degrees F 
Temperature of cooling water at inlet 
to condenser, degrees F. 
Temperature of cooling water at outlet | - 
from condenser, degrees F ...... Mhcstes 
Temperature of lubricating oil from. 
journal boxes, degrees F ; 126 
Steam condensed during test, pounds..... aii 11,576 
Steam gondgnend from shaft packings, 
pounds 05 . 106 
Total steam consumption during test...... 11,682 
per hour 11,682 
Steam consumption per k.w., hour......... 11.7 
Steam consumption per French B.H.P. ; 
nsumption ren H. r 
hour, ‘ideal engine” (computed ). 6.05 
Net oe eA of turbine (7. 2, ratio of 
developed in turbine 
that me ‘ideal engine,” 
‘per cent 74.6 
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STRENGTH OF BOILER FURNACES. 


By JoHN AIREY, 
Assistant Professor of Mechanics, of Michigan. 


PART 1.—Comparison, by means of a concrete case, of the A. S. M. E. 
_ Boiler Code Committee Formula with other Formulae. 


Part 2.—Investigation of the Weakening of a in 
ders subjected to External Pressure: 


Part I. 


1. Consider a flue of 29-inch external diameter made of }- 
inch steel plate with a Singleriveted inp joint ; 
the length 1s 94 inches, 

In the following the permissible ante pressure for this 
flue is computed by various formulae and arranged it in order 
of decreasing magnitude. 

If a particular formula does not apply to joznted flues then 
the value obtained as working pressure is multiplied by the 
efficiency of a single-riveted lap joint for purposes of compari- 
son with the A. S. M. E. formula. If the formula permits a 
double-riveted lap joint, say, then the working pressure ob- 
tained is reduced in the proportion of the efficiency of a double- 
riveted lap joint to that of a single-riveted lap joint. ‘These 
efficiencies are taken as 77.6 per cent. and 63.3 per cent., 
respectively. For derivation of these values see Appendix 
A. These figures represent the maximum possible efficiency, 
considering a perfect joint and accepting the Boiler Code 
Committee’s values for unit stresses. This causes the Boiler 


Code Committee's formula to show up as favorably as pos- 
sible. 


2. ag S. M. E. Boiler Code Committee Rule. 


This permits any kind of joint, hence the weakest 
viz: a single-riveted lap joint is taken in the other cases for 
purpose of comparison. The efficiency of the joint is, however, 
always taken as the maximum possible, as stated in Par. 1. 
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In the case considered, as the length exceeds 120 times the 
thickness, the second formula given by the Boiler Code Com- 
mittee must be used, viz: 
4,250T° 
P= 
where 
P = maximum allowable working pens, pounds per 
square inch ; 
D = outside Bate ft of furnace in inches ; : 
L, = length of furnace in inches; 
T = thickness of furnace wall in sixteenths of an inch ; 
4,250 X 
94 X 29 


= 99.8 pounds per square inch. 


—Fairbairn’ s Rule. 


This formula does not allow for joint. Fairbairn’s rule, 
although the parent formula, is recognized as giving working 
pressures far too high if the present-day factor ot safety of 5 
be employed. 

x 
LD ’ 


where 
¢ = thickness of tube in inches; 
, = length of tube in feet ; 
D = external diameter in inches ; 
p = collapsing pressure in pounds per square inch ; 


94 


= 777 pounds per square inch. 


Allowing a factor of safety of five (see Progress Report of 
Boiler Code Committee, A. S. M. E.) gives 155.4 pounds per 
square inch. 

Taking 63.3 per cent. of this to allow for a single-riveted 
lap joint makes the value of working pressure for purpose of 
comparison with the A. S. M. E. result to be 98.5 pounds per 
‘square inch, or practically the same as the value given by the 
A. S. M. E. formula. 
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4.—Modified Fairbairn Rule. 


The working pressure of a tube subjected to external pres- 
sure will obviously not be inversely proportional to the length 
indefinitely, as Fairbairn’s rule would indicate. This has 
been partially counteracted by using a variable factor of safety 


2 300, where L, is length in feet. 


concrete case under discussion gives Working 


= 125.8 pounds per square inch. 


94 


Making allowance for the lap joint gives 125.8 X .633 = 
79.8 pounds per square inch, or 80.0 per cent. of the value 
given by the A. S. M. E. formula. 


 §.—Bureau Veritas Rule. 


This formula makes a distinction between the case where . 
the flue is truly circular (z.e, butt joints or lapped and bevelled), 
and where the flue is not circular. It is worth while noting 
in passing that the difference in the constant given is by no 
means as great as it should be when viewed in connection 
with the subject matter of Part 2 of this discussion. 


where 
¢ = thickness of plate in inches ; 

D = outside diameter in inches; 

P =: working pressure in lb. per sq. in. above atmosphere ; 

L, = length of furnace in feet, or length between rings ; 

C = 70,000 when furnace is truly circular and the longi- 
tudinal seams are welded, butted, or lapped and 
bevelled, and double riveted in last named case ; 

C = 60,000 when the furnace is not truly circular, or when 

the longitudinal seams are simply lapped. 
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Above constants are for iron of fair quality. 
stants by 1.2 for mild steel. . 
_ For the concrete case under discussion this gives if 


P= 5? 
ag x 


Maltiply cons 


= 79.3 pounds per square inch, or 79.4 


per cent. of the value given by the A. S. M. E. formula. 
.. The above formula gives a much stronger design for the 
truly circular case than it does for the not truly circular case. 


6.—Hutton's Rule. 


| 
| 
| 
| 
This does not allow for a joint. 
CA 
where 
| L, = length in inches ; 
d@ = outside diameter in inches ;_ 
¢ = thickness in thirty-seconds of an inch ; 
- - C = 660 for steel ; 
p = collapsing pressure in pounds per 


~ For the concrete case under discussion’ this gives _ 
660 X 16° 
29 X 94. 
_ Allowing a factor of safety of five and neice to allow for — 
-633 X 602 : 

§ 


p= 602 per inch. 


single-riveted lap joint gives = 76.2 pounds per 


square inch, or 76.4 per cent. of the value even nes the A.S. 
M. E. formula. 


7: —German Rule. 
-Whickness = KX 2 cm., 
where 
= working pressure itt kilo per square cm. ; 
L = length between stiffeners in cms. ; eis 
| D external diameter of furnace in cms. ; 
ft K = .0035 when the longitudinal joints are lapped only. 
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For the concrete-case under discussion this gives 
254 X% = 10035 x 94 x 2.54 X 29 X 2.54. +.2. 
(1.27 — I 
P= 4 — = 75.6 pounds per sq. 


inch, or 75.7 per cent. of the value given by the A. S. M. E 
formula. . 


8.—Lioyd's Rule. 


This does not ‘land for — 


__ 89,600f 
P= LD? 


where 
P = working pressure in pounds per square inch ; 
¢ = thickness of plate in inches ; 

L = length of furnace in feet ; 

D= outside diameter of furnace i in inches. 


For the concrete case under discussion this pie 


= 98.7 pounds per square inch, 
2 x 29 


Reducing this to the corresponding value for single-riveted 
lap joint gives 98.7 X .633 = 62.4 pounds per square inch, or 
62.5 per cent. of the value given by the A. S. M. E: formula. 


Statute Rule is Same as Lloyd's Rile.,,.. 
 10,—Michael Longridge’s Rule. 
Michael: Longridge takes C in Hutton’s formula as 540 


_ instead of 660: this gives 24° ae of the value obtained in Par. 6 


with Hutton’s formula, or ee x 76. 2 = 62. 4 “pounds per 
square inch, or 62.5 per cent. of the value | given by the A. &. 


M. E. formula. 
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11.—British Board of Trade Rule. 


This permits a double-riveted lap joint. . 


p= _75,0008 
where 
p = working pressure in pounds per square inch ; 
¢ = thickness in inches; 

L, = length in feet ; 

D = external Series in inches, 


For the concrete case under discussion this gives 


Le (2 + (2 + 1) 29 29 


Reducing this to the corresponding value for a single-riv. 


= 73 pounds per square inch. 


eted lap joint gives 73 X #33 — = 59.6 pounds per square inch, 
or 59.7 per cent. of the value given by the A. S. M. E. formula. 


12. The previous results are collected below to facilitate 


comparison : 
Working 
pressure. 

7 et, Pe centage. 
A. S. M. E. Boiler Code 99.8 100.0 
Fairbairn ‘ ‘ 79.8 80.0 
Bureau Veritas, . ; : 79.4 
U. S. Statute, . 62.4 62.5 
Michael Longridge, . .  . 624 62.5 


British Board of Trade, i 59-7 
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(2; 


INVESTIGATION OF THE WEAKENING FACTOR OF A 
LONGITUDINAL LAP JOINT IN A CYLINDER 
SUBJECTED TO EXTERNAL PRESSURE. 


13. The conventional engineers’ theory on the strength of 
a lap joint assumes the stress uniformly distributed over the 
cross section, either in the solid plate or between rivets, and 
ignores eccentricity of loading due to plates being out of line. 
This theory is set forth in the accompanying appendix because 
the results obtained, using the Boiler Code Committee’s allow- 
able stresses, have been quoted in Part 1. 

Probably none would dispute the fact that a lap joint is 
considerably weaker than it is supposed to be, due to this 
neglected eccentricity of loading, but. Jue how much weaker 
is considered debatable.. 

The following is a solution of the Ss ae effect. The 
analysis is devoid of the very.uncertain assumptions unavoid- 
able in the study of the joint itself, z. ¢., the extent of friction 
between the plates, the uniformity of distribution of stress be- 
tween rivets, bearing, shear, etc. The reason for this is that 
when a flue fails it invariably buckles, the plate bending most 
just where the lapping ends. This analysis shows that the 
weakness here is considerably greater than that of a joint 
proper and the weakness is inherent in the lapping, a double- 
riveted lap joint being merely slightly less bad than a single- 
riveted one. It will be shown that lack of circularity is the 
dangerous feature and that a single-strap butt joint may be a 
great deal stronger construction than a lap joint, although the 
conventional theory makes them identically equal—a single- 
strap butt joint being looked upon merely as two lap joints. 

The customary engineers’ theory for distribution of stress 
due to eccentric loading is used in the discussion and hence, 
. for convenience, will be recapitulated here. . 

14. If the cross-section of a body is rectangular, as in Fig. 
1, dimensions being ¢ X 4, and if the resultant stress on this 
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cross-section is a force P which acts at point shown, being 
eccentric an amount x, then the compression is P and the 
bending moment is Px. The maximum unit fiber stress will be 


where z is: the section Ase = the 


6 
P. 
maximum unit stress becomes hi r+ — 


| 

Accepting this theory, the problem under discussion lends 
itself to an accurate analysis so long as the source of weak- 
ness ts the plate at the limit of the lapping. In substanti- 
ation of the part in italics is experimental fact, and, in ad- 
dition, that the efficiency of the plate at this point is decidedly 
lower than is believed to exist in the joint proper. By ‘“‘effi- 
ciency” of the plate is here meant the ratio of the unit stress, 


assuming no eccentricity of action to the actual maximum 
unit stress. 


15,—Scheme of Analysis, 

“This discussion does not concern itself with the critical 
pressure of collapse of a tube subjected to external ‘Pressure, 
but with the detrimental influence of the lap joint. 


As this method of analysis cannot be carried out for a gen- 
eral case algebraically except with the result of obtaining 


i 
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expressions too cumbersome to be useful, the concrete case 
already. taken will. be investigated, sonesenene: both a single 
and a double-riveted lap joint. 

A cylinder subjected to external pressure is merely two 
arches placed base to base, one being inverted. Moreover, it 
is an ideal case for theoretical investigation because, in ordi- 
nary arch questions, the distribution of the load is but vaguely 
known, whilst here it is precisely known. What can be more 


definitely known or more uniformly distributed than steam 
pressure ? 


In Fig. 2 a section of a single-riveted flue is shown in which 
the thickness of the plate is exaggerated for convenience. 
ACB is truly circular and ADB is as nearly circular as pos- 
sible, z. ¢., the dot-and-dash line shown ‘is a true circle, con- 
stituting the center line of part ACB and cutting the horizontal 
center line OC between the plates at D. It is required to . 
trace the path of the resultant pressure line around the ring. 
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Consider the equilibrium of a section of this shell (assume 
unit thickness perpendicular to paper) such as is shown in 
Fig. 3. Suppose the resultant stress at the cut section c is 
known in magnitude, direction and position, then the resultant 
stress at cut section 4 can be found in magnitude, direction 
and position by the simple laws of static equilibrium, as the 
forces shown in Fig. 3 constitute a system in equilibrium. 


If for convenience we take F as acting in the middle of the 
thickness at C then the procedure is as given in succeeding 
_ paragraph. It will be shown later that it is possible to select 
a place such that the line of resultant stress comes in the mid- 
dle of the thickness. 


16.—Determination of Points in Resp, Pressure Line. 

In Fig. 3 ad and ac may be scaled from an accurate draw- 
ing or may be obtained by trigonomietry. 

‘Resolving all forces vcricora! and equating to zero, we 
have, 
(Hor. comp. of P) — had 
Similarly resolving vertically we have, 

(Ver. comp. of P) —pac=o. . 22) 
= (Ver. comp. of P)? + of Py 
= (F p.aby + (pracy 


which obtains P numerically for any givels 
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obtain location of (letting x be its perpendicular. dis- 
tance from corner 4) take moments about 4, from which 
om which x may be obtained. : 
Hence if the resultant force at any section be known in 


magnitude and location the resultant at various other sec- 
tions may be determined and the locus constructed. 


_17.—Path of Resultant Pressure Line. 


Consider the equilibrium part ACB i in 2. This is 
shown 1 in Fig. 4. 


| 
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If the two forces marked “ F,” representing the compression 
in the shell at points A and B, be in the middle of the thick- 
ness and satisfy the relation 


then equilibrium is satisfied. Equilibrium would exist, how- 
ever, for any position of forces F so long as. they were sym- 
metrically situated with respect to OC. A little reflection 
will satisfy one that they will be in the middle of the thickness 
if there is no initial bending in the shell. This point need not 
be further labored, for if F is mo¢ in the middle of the thickness 
at A and B so much the worse will the effect of the lapping 

. Show up, that is, the eccentricity will be really greater than 
here shown. 

Taking resultant stress at A and B in the middle of the 
plate and of a value given by (5), then if from those as start- 
ing points the method: of Par. 15 be followed the line of 
resultant stress will be found for all practical (and even 
theoretical) purposes to be the dot-and-dash circle shown in 
Fig. 2. In order to show that the true path is so close to this 
circle that they may be regarded as identical, Fig., 5 has been 
constructed, showing the deviation of the true path (dotted 
line) from the circle (dot-and-dash line) magnified forty times. 
Note that the true path at the section 4g, where the lap starts, 
jogs a distance ad, changing from the inside of the circle to 
the outside. This jog is caused by the steam pressure on the 
exposed edge of the outer plate coming into action. A double- - 
riveted joint is shown in dotted outline. The jog in the re- 
sultant pressure line would here occur at section f’¢’. 

The discrepancy between the actual path of resultant pres- 
sure and the circle of Fig. 2 is given below for a 29-inch 
external-diameter flue made of }-inch plate. 


At a = 0.002 inch, 
4 = 0.006 inch, 
= 0.006 inch, 
@=0.005 inch. 
The amount of the jog is 0.008 inch. 


| 
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Evidently, even for theoretical purposes, except they be of 
an unusual degree of accuracy, a simple circle may be assumed 
as line of resultant pressure.. It will be found that applying 
the procedure of Par. 15 around ACB of Fig. 2 the resultant 
pressure line will be a true circle and will be the center line 


of the plate. 
18.—L eccentricity of Stress. 


From an accurate scale drawing the eccentricity of the re- 
sultant stress (2. ¢., the distance between the line of resultant 
- stress and the center line of the plate) was found to be ;5- 
inch for a single-riveted lap joint and u inch for a double- 
riveted lap joint. 

The maximum fiber ore are therefore by paragraph 14, 


P 6X7 6 X II 
These become 2P(1 + 2.625) and 2P(1 + 2.062), respect- 
ively. 


Unit stress assuming uniform distribution 


sper Actual maximum unit stress 
27.6 per cent. for single-riveted lap joint. 
Similarly 


Efficiency = = 32.7 per cent. for double-riveted 


lap joint. 

It is to be emphasized that Vibes there is any doubt as to 
the rigor of the preceding discussion the doubt is such that 
it would bring these results lower. The writer believes, how- 
ever, that these figures closely represent the facts. 

The paramount feature brought out by the foregoing is the 
importance of obtaining true circularity as nearly as possible. 
A butt joint, even with a single strap, makes this a possibility. 

19. The comparative results of paragraph 12 show that 
the A. S. M. E. Boiler Code Committee formula gives work- 
ing pressures far too'high. Moreover, these results show up 
the danger of the A. S. M, E. rule by no means fully, because 
customary efficiencies have been taken for lap joint, and it 
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has been shown (Part 2) that these are far too high due to 
neglected eccentricity. In'the light of this new — the 
results of paragraph 12 are modified as below: 


Working pressure, Per- 


tae Ibs. persq.in. centage. 
A. S. M. E. Boiler Code Committee, ~_. 99.8 100.0 
Fairbairn (modified), 347 34.8 
German ; 75.6 75.8 
U.S. Statute, - 27.2 27-3 
Michael Longridge, . ‘ 27.2 27.3 
British Board of Trade, . . .  . 61.6 61.7 


These results, though arranged in the same sequence as 
before, are no longer in order of descending magnitude. The 
reason is simply that those rules which permitted lap joints 
_ suffered no reduction, but those rules which did not permit a 

lap joint had to have their results diminished paangey to the 

new lower efficiency of a lap joint. 
20. The writer is of the opinion that all exiatingg tules 
permitting the use of lap joints do not make the necessary 
-allowance for its weakness in epee, jarnct with solid ‘Plate or 
butt joints. 
If the joint be formed as in Fig. 6, then it is possible to 
maintain true circularity which eliminates all eccentricity of 
_ action. The strength will now be determined by the efficiency 
of the joint proper. \s 
The value of the joint is a more: complex 
problem—in fact a rigorous solution is not possible ; it would, 
however, be much higher than the efficiency of the plate is 
under eccentric loading. 
The most significant feature i in the use of longitudinal lap 
joints for cylinder subjected to external pressure is that, should 
stress reach the elastic limit and deformation ensue, the ec- 
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centricity of action 1s increased and collapse inevitable. In 
cylinders subjected to internal pressure, on the other hand, 
deformation decreases eccentricity and restores satisfactory 
conditions. 


Considering that the use of longitudinal lap joints is rapidly 
diminishing in good practice for internal pressure, is it not 
desirable to prohibit absolutely the use for external pressure ; 
or, what would serve equally well, cut down the acknowledged 
efficiency to its true value. If this were done the use of a lap 
joint would entail such an abnormally thick plate to with-- 
stand a given pressure that considerations of economy would 
probably cause its use to cease. 


_ APPENDIX. 


‘To find the maximum efficiency of a singlesriveted lap 
joint considered in the conventional manner. 


Let £ = pitch of rivets ; 
ad = diameter of rivets ; 
¢ = thickness of plate; 
pv = unit bearing strength ; 
/: = unit shear strength ; 
A = unit tensile strength. 
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Equating failure by shearing, tearing and crushing, we get 


or 


The strengths of material used are those given by the 
Boiler Code Committee of the A. S. M. E. for M.S. These 
are the same as given by the Massachusetts Steam Boiler 
Rules: 


p= a+2d= (x + 25909) d = 2.727a. 


= 63.3 per cent. 
To Find the Maximum Efficiency of a Double-Riveted Lap 
Jotnt. 


With notation as before, equating failure by shearing, tear- 
ing and crushing we get 


a) fi=2 hs 
(pir 


or 


Efficiency we Z <= S455 = 77.6 per cent. 


| 

= | 

(6 — fi = atpr; 

fe 42,000 
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MARINE STEAM BOILERS AND BOILER ROOM EQUIPMENT* 


By Cuas. F. Bary, Mem. S. N. A. & M. E. 


Chief Engr. Newport News Shipbuilding and Dry Dock Co., Newport 
News, Va., U. S. A. 
, During the last decade there has been a considerable development and 
improvement in marine boilers, both of the Scotch type and of the water- 
tube type. The changes, however, in design and improvement in efficiency 
have been less marked than the great changes in marine propelling ma- 
chinery, in which the steam turbine has largely replaced ‘the reciprocating 
engine in naval work and in much of the’ merchant work. This condition 
is now being modified by the fitting of speed-reduction devices. In sub- 
marine boats, a number of other naval vessels and. in some merchant ves- 
sels, the crude-oil engine is being adopted. : 

By comparison, therefore, the developments in marine boilers appear to 
be overshadowed, as no radically new principles have been adopted in 
practice, although several notably conspicuous new inventions have been 
made which may develop in the future. Among these should be mentioned 
the Bone surface-combustion experiments, the mercury boiler, invented by 
Mr. W. L. R. Emmet, the Talbot high-pressure boiler, which has been 
— in small units with much success, and the Bettington powdered-coal 

iler. 1 

The efficiency of marine boilers has been generally improved due to the 
following causes: A more careful study of conditions governing com- 
bustion in the boiler and means for quick analysis of the products of 
‘combustion and for observing the variation of temperatures throughout 
the path of the gases; the study of heat transfer, in which is involved 
the volume of the combustion chamber, baffling of the gases, and arrange- 
ment of passages for same, tube spacing, disposition of the heating sur- 
faces, circulation of the water, liberation of the steam, cleaning of the 
heating surfaces, both on the fire side and on the water side. Steam 
pressures cannot be said to have generally increased excepting in some 
particular instances. 356 

In addition to the foregoing there should be mentioned the revival of 
interest in superheated steam, which bids fair to largely increase and 
which promises considerable, gain in overall efficiency. Gil burning has 
developed to a high degree of perfection both with steam and air atomiza- 
tion, and notably with mechanical spraying. The study of corrosion has 
occupied considerable attention. 

Improved ‘workmanship is recognized as an important factor in ultimate 
boiler efficiency, and along with this may be noted the advance in shop 
facilities for working the materials and tools for more accurately and 
rapidly machining the finished parts. This has led to the standardizing 
of many details which have been most carefully designed for assembly, 
or replacement, durability, reduction in weight, improvement in appearance 
and facility of manipulation. rice 


presented at a meeting of the International Engineering Congress, 1915, 
in San 


rancisco, Cal., September 20-25, 1915. 
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The use of the ap eceialpee flame for ‘lis materials, the use of 
electric. welding, especially for repairs, and the extensive adoption of 

neumatic tools have had a material effect in api pl JD the quality of 
foiler work and reducing the cost of construction and mpeeee, 

Advances have been made in mechanical draft, fe purification and 
supply in the handling and disposal of refuse and ashes; fireroom com- 
munication; and time-indicator firing has been largely adopted in the 
highest-grade work. These various minor improvements have resulted in 
a considerable gain in efficiency and reduced cost of upkeep. 

The increase in size of marine boiler installations is one of the most 
_ striking recent advances, and along with this increase is to be noted some 
decrease in heating surface per horsepower, which is largely due to reduced 
steam consumption of the propelling machinery and partly due to a higher 
boiler efficiency and dependability. In naval work the use of oil fuel only, 
or oil and coal combined, has reduced the heating surface to a more 
marked degree. Boiler installations of over 100,000 horsepower per ship 
are now made, whereas ten years ago powers of 20,000 to 30,000 horse- 
power per it, were about the maximum. — 


SCOTCH BOILERS. 


The changes during the past decade in the Scotch type of boiler and 
_ fire-tube boilers have been less. than in most forms of water-tube 

ilers. 

We note simplification in design due to the modern rollin mill facilities 
for supplying larger plates, thus reducing the number of seams. It is 
usual now to construct single-end Scotch boilers up to 12 feet (3,660 mm.) 
in length and nearly 18 feet (5,486 mm.) in diameter with no middle circum- 
ferential seam and with only one seam across the back head. Separate 
combustion chambers are usually fitted in single-end boilers and also in 
double-end boilers in connection with forced draft. With natural draft 
or assisted draft, in double-end boilers, it is not unusual to connect the 
corresponding furnaces in opposite ends of the boiler to straight through 
combustion chambers; this considerably reduces the length and weight 
and simplifies the construction. When such combustion chambers are 
pai fire-brick walls are ‘sometimes built up in the middle between the 

urnaces. 

The combustion incite for double-end boilers are branes tied to the 
bottom of the boilers to prevent working when steaming, although with 
si — boilers it is not essential to tie the chambers down. 

e lower wrapper plates of the combustion chambers are sometimes 
vad in one plate of greater thickness at the bottom part where unsup- 
ported by stays, thus saving the side-riveted la 

The question of material of boiler tubes is ‘one on which there is a 
considerable difference of opinion, The best charcoal-iron tubes and 
seamless-drawn steel tubes seem under favorable conditions to give equally 
satisfactory results. The “With Serve tubes in Scotch boilers has prac- 
tically been discontinued. ith water-tube boilers it is common to use 
seamless-drawn steel tubes 

It is now usual to fit the tecle ends of the corrugated furnaces either 
of the horse-collar type, the straight type or of some form of flanged type 
which permits of the furnaces being renewed at a-minimum expense. 

It is not uncommon to fit Scotch: boilers of very. large dimensions. The 
boilers of the S. S. Aquitania are 17 feet 8 inches (5,385 mm:) mean 
diameter by 22 feet 0 inches (6,706 mm.) mean length. . 

Some owners take precautions to prevent air drafts from circulating 
‘ at the bottoms of their boilers, and lag the bottoms with asbestos or 

nesia blankets or pads which are easily removed for examination. This 
is an excellent practice, economy in operation and upkeep. 

The ordinary plate saddle or support is largely used for Scotch boilers 


in conjunction with fore-and-aft chocks. A form of Scotch boiler support 
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which is frequently adopted by American builders is illustrated in Fig. 1) 
These supports consist of heavy bent-steel lug plates riveted to the lower 
shell of the boiler, each lug being fitted with a 14 inch (6.3 mm.) caulki 

plate adjacent to the shell. ese plates can be hydraulically rivet 

when the shell riveting is being done. Girders are fitted in the ship, ag 
indicated in Fig. 1, to which the lug plates are bolted. Provision ig 
made at one end of the boiler for expansion. Similar sup orts are also” 
common for Yarrow boilers. All boiler supports should provide the: 
greatest facility possible for care of the lower parts of the boiler. If 
may be noted that the heating surface per cubic foot volume of boilers 
has not altered materially, but the tendency is to allow more steam space, 
which gives better access for cleaning and care. oe 


WATER-TUBE BOILERS. 


The recent developments in the design and construction of marine waters. 
tube boilers have been much more pronounced than in Scotch boilers 
Many of the early errors in design have been eliminated, so that high 
efficiencies are now common, both in naval and merchant work. e 

The requirements demanding the best material and workmanship haye 79 

recognized and now many of the water-tube boilers are examples 4 
of the finest product of skilled designers and workmen and modern ma- 
chinery and methods. In this connection it is interesting to refer to the 
early influence of Mr. A. F. Yarrow, who, in 1891,* pointed out that only” 
the best materials and workmanship should be employed in boiler work. 

Boilers of the Babcock & Wilcox, Niclausse, Belleville and Yarrow types 
have all retained their essential features for the last ten or fifteen years. 
Many of the other so-called express types of boilers have been meray 
towards a more or less composite design in which the objectionable fea- 
tures have been largely eliminated. 

Boilers which a few years ago were fitted with tubes having extreme 
bends are now made with these tubes of gradual bends, and in some cases, 
the tubes are straight with the ——- of the lower ends entering the 
water drums. The upper ends of the tubes are now usually submerged > 
and arranged to facilitate cleaning and inspection; air pockets are gen- 
erally avoided as it has been found corrosion is active at these points, 
The straight-tube type of boiler, represented by the Yarrow, fits the rows 
of tubes next to the fire with slight bends to allow for expansion. Steam 
drums are of larger diameter in the three-drum or express type of boiler 
than in the Babcock & Wilcox or the Niclausse boiler, due to structural 
reasons, accessibility, and to provide a good volume of water. 

The water pockets at the lower ends of the tubes are ap reaching 
circular section and in some cases the oval or D-drum has oan rep 
by the circular drum. ’ 

Due to these improvements, resulting in great reliability and increased 
durability, the heating surface for naval work, especially where oil fuel 
is used, has been notably reduced. roth 

The water-tube boiler has been adopted for er all naval vessels, 
excepting auxiliaries such as colliers, where Scotch boilers are used in | 
some cases. 

The German Navy uses the Schulz or Schulz-Thornycroft boiler nearly 
exclusively for all sizes of vessels. Other navies are using two or more 
types of boilers, principally as follows: 
and 


land—Babcock & Wilcox and Yarrow for large vessels. Yarrow 

ite Forster for smaller vessels and destroyers. 
‘France—Belleville, Niclausse and Guyot Du Temple for say vessels; 
Normand and Lagrafel d’Allest, Du Temple Guyot and White Forster for 
small vessels and destroyers. 


*p on Construction of Boilers Adapted to Forced Drau “y, tion of ‘ 
Naval ‘Architecis,” 1801. 
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Italy—Belleville, Niclausse, Blechynden, Babcock & Wilcox ‘and Yar- 
row for large vessels; Thornycroft for small vessels. é 

Japan—Yarrow, Belleville, Niclausse, Miyabara and Babcock & Wilcox 
for Gres vessels. Miyabara and Yarrow for small vessels. 

United States—Babcock & Wilcox and Yarrow for large vessels. Bab- 
cock & Wilcox, Yarrow, Normand, Thornycroft and White Forster for 
intermediate vessels and destroyers. i 

Thus it is seen that a wide range in type of boiler is still being allowed 
by naval authorities. The requirements in boiler installation which appeal 
to one nation as most essential appear differently to another, and doubt- 
less properly so, as the broadest view of ultimate efficiency should be 
taken, into which enter.a consideration of the home facilities for building, 
replacing or repairing in the most expeditious manner. Thus the fine 
shops in Great Britain and the United States for expeditiously building 
the Babcock & Wilcox boiler and the corresponding facilities in France 
for constructing the Niclausse boiler and the absence of such special 
works in Japan, may influence the Japanese Admiralty in adopting in a 
home-built vessel the Miyabara boiler or some other type which may be 
constructed with the shop facilities at hand. 

It is to be noted that the sizes of water-tube boiler units have greatly 
increased. The efficiency of the large units is higher than that of the 
small units, especially with ,oil firing. 

.- In installations of the small-tube boilers for large powers it is usual, in 
English. and American practice, to provide considerable more heating 
surface than with installations of Babcock & Wilcox boilers. In making 


comparisons between boilers on the basis of heating surface this point 
should be borne in mind. : 


WATER-TUBE BOILERS IN MERCHANT VESSELS. 


In considering the installation of water-tube boilers in trans-ocean or 
coasting merchant vessels, the question of proper facilities for cleaning 
the boilers during long voyages ‘must be kept in mind. Many boilers 
which show high efficiency under shop tests may fail under the severe 
conditions of service in merchant shipping, where long voyages are made, 
changing weather conditions are encountered and the quality of coal is 

. sometimes inferior. The operation of merchant vessels is often attended’ 
with limited time in port for overhauling, repairs‘ and cleaning. Some 
large installations of water-tube boilers have been made in merchant work 
which have not given the satisfactory service anticipated, owing to. the 
lack of facilities for properly cleaning the fires, sweeping the heating 
surfaces, regulating the air to the furnaces, and ventilating the stokeholds. 
Such installations do much to retard the introduction of water-tube 
boilers in the merchant marine. The Babcock & Wilcox boiler has prob- 
ably been installed in a greater number of mercantile vessels than any 
other type of water-tube boiler, and its success has been largely due to 
the characteristics outlined by the late Rear-Admiral George W. Mel- 
ville,* formeriy Engineer-in-Chief, U. S. Navy, in an article in which he 
says: 

“From my study of the subject, I had reached the conclusion that the 
thoroughly satisfactory water-tube boiler should possess, among others, 
the following characteristics : 

; “Reasonable lightness, with scantlings sufficient to promise reasonable 
longevity ; 

An adequate amount of water, so that failure of the feed supply or 
any inattention thereto would not immediately cause trouble; 

‘Accessibility for cleaning and repairs on both water and fire sides; 

__ “Straight tubes, with no screw joints in the fire, but the simple ex- 
panded joints so well tested out for years; _ 

* 


‘The Develupment of the Marine Boiler in the Last Quarter Century,” “ . 
neering Magazine,” January, 1912. = — 
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“No cast metal, either iron or steel, subjected to pressure; 

“Ability to raise steam quickly ; 

“High economy of evaporation; 

“Economy of space; : ; 

“Interchangeability of parts, and, as far as possible, the use of regular 
commercial sizes so that repair material could be procured anywhere; 

“The ability to stand severe forcing without injury ; 

“The ability to stand abuse—that is, to be of rugged construction and 
not so delicate as to require skilled mechanics to run it; 

“ Safety against disastrous explosion, meaning that only the part of the 
boiler which gave way would be damaged.” 

Higher efficiencies can often be obtained with well-designed water-tube 
boilers than with Scotch boilers, priaigely owing to the fact that the 
furnace is large, its form may be nearly ideal for thorough combustion 
before the gases enter the tubes; whereas in Scotch boilers the furnaces 
are contracted and low and the combustion space is completely surrounded 
by the cooler boiler surfaces. 

Experience in the merchant vessels Creole, Matsonia, Adeline Smith, 
and several others, each operated by different owners and fitted with 
Babcock & Wilcox boilers, indicates that with a reasonably intelligent 
engineering staff, boilers of this type are thoroughly reliable and can be 
operated at a lower cost of maintenance and are more flexible, and 
probably more efficient, than ordinary Scotch boilers. In the Adeline 
Smith, fitted with four boilers, there has never been a delay of any kind 
for cleaning or minor repairs; one of these boilers can be cooled suffi- 
ciently to work in within an hour or two, and steam raised again in forty- 
five minutes. 

The writer is informed in regard to the six Babcock & Wilcox boilers 
and three single-end Scotch boilers installed in the steamer Matsonia, 
and using oil fuel, that very little cleaning of the water-tube boilers is 
necessary and that it is not required to mechanically clean the tubes 
oftener than once in two or three months. No signs of corrosion have 
appeared. The zinc plates are renewed approximately each six months. 
A half keg of Renown compound is also used per trip of 2,000 miles. It 
is not found necessary to have higher-grade men in the fireroom to 
operate these boilers than those ordinarily operating Scotch boilers. Feed- 
water regulators are desirable and the Hough patent feed-check valve is 
considered a uecessity where reciprocating feed pumps are used. 

The Matson Navigation comeenys purpose in installing a combination 
of Scotch boilers and Babcock & Wilcox boilers in this vessel was that 
they might have Scotch boilers for winch work in port, owing to the 
larger steam space. They find, however, that a number of steam schooners 
fitted with only two Babcock & Wilcox boilers have no boiler troubles 
even though using them constantly in port for donkey boiler service. 

The saving in weight and space which may be effected with water-tube 
boilers over that required for Scotch boilers is great, as shown by Admiral 
Melville in his paper. : 

The Niclausse Boiler—This well-known boiler, which has been largely 
adopted by the French Navy and others, has retained the essential prin- 
ciples of its unique construction, but recent improvements have resulted in 
a very high efficiency. v 
_. These improvements, some of which have been in use a considerable 
time, include the following: 

Wg Patel the headers.of solid-drawn pressed steel of larger rectangu- 

Making the tubes solid-drawn with swellings to form the cones and 
anterns. 

The adoption of a system of forced circulation and feed distribution to 
the lower tubes which are nearest the furnace, which also includes arrange- 
ments for purifying the feed. Se : 
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All of these points are described in'a paper by M. Niclausse* and 
records are given of a test by naval officers of the boiler as proposed for 
the new French Battleship Béarn. 

ae 2, 3 and 4 indicate the arrangement and some details of this. 

h-duty Niclausse boiler. 

nhc Forster Boiler—As is well known, the distinctive features of this 
boiler are the adoption of a uniform curvature of all of the tubes in any 

particular boiler and the arrangement of the tubes in the steam and 
por drums so as to permit any particular tube to be removed and re- 
— through the steam drum without disturbing other tubes in the 

iler 

The spare ‘tubes may be carried of the longer lengths and cut to any 
desired length. 

This boiler is now constructed either with D-shaped water drums or 
circular water drums. Fig. 5 shows the latest type of the White Forster 
Boiler as built in the United States by the Babcock & Wilcox Company, 
which embodies the circular water drums. | 

Owing to the large radius of curvature of the tubes they aré easily 
cleaned, both internally and externally, and the stresses due to expansion 
are minimized, 

This: boiler. is capable of developing a very high efficiency and it can 
also be severely’ wie. without injury. 


Fic, 2.—Niciausse Borer. 
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Normand Boilers—The Normand boiler has long been considered one 
of the most efficient and best designed boilers of the express water- 
tube type. The Normand firm, owing to the early inventive ability and 
resourcefulness of M. Normand in France, has been particularly success- 
ful in the construction of torpedo boats and destroyers fitted with high- 
power machinery. 

Fig. 6 shows a boiler of the Normand type as constructed by the Bath 
Iron Works for torpedo-boat destroyers. This company has met with 
singular success in the development of this boiler for U. S. destroyers. 
The dry wee of the boiler as shown by Fig. 6, complete with all 
mountings, oil burners and tuyéres, but not including the uptake, amounts 
to 11.2 pounds per square foot of heating surface (54.6 kgs. per sq. m.) 
- and the weight of water in steaming condition amounts to 2 pounds per 

square foot of heating surface (9.7. kgs. per sq. m.). The combustion- 
chamber space can be made as large as desired. 

Attention is: called to the steam dome, provision for baffling the steam 
before entering the dome, and the arrangement of the tubes so as to baffle 
the gases and give them a long passage across the heating surface. 

The boiler has been forced to extremely high capacities in naval installa- 
tions in various countries. M. Normand was one of the first engineers 
to point out the ill effect of the admittance of feed in such a manner as 
to interrupt the proper circulation in water-tube boilers and to show the 
inefficiency resulting from such methods of feeding. 

The Box Type of Boiler—The Box Type of boiler, built by the Babcock 
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& Wilcox Company is shown in Fig. 7. This boiler embodies an ingenious 
arrangement of steel headers. These headers take the place of the usual 
water drums in the A type of boiler, and it should be noted that they 
may be of either the straight box or corrugated form, running either 
longitudinally or crosswise of the bank of tubes; this allows great flexi- 
bility in regard to size of boiler. These headers are of the regular type — 
incorporated in the Babcock & Wilcox boiler, as shown in Fig. 16; As is 
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apparent from the figures referred to, the boiler is particularly accessible 
for cleaning and examination of the interior surfaces of the tubes, and 
if space is allowed in the vessel, any individual tube may be examined 
and cleaned from either end, and any tube may be renewed without inter- 
fering with other tubes. 

Drum Type of Boiler—The Babcock & Wilcox drum type of boiler is 
’ shown in Fig. 8, which represents these boilers as recently installed in the 
Steamers Great Northern and Northern Pacific. The boiler is fired from 
the water-drum side, which gives an efficient furnace arrangement and is 
well adapted for either coal or oil burning. The rouge 3 is across the 4 
tubes and is of the well-known and efficient Babcock Wilcox type. . 7 
se boilers. illustrated were fitted with Schiitte and Koerting fuel-oil 

urners. 

Thornycroft Boilers—The latest form of Thornycroft boiler is con- 
structed with tubes which are straight excepting at the lower ends where 
they enter the cylindrical water drums. The curvatures of the tubes are 
limited to only two or three radii, which simplifies the spares. This de- 
sign enables each tube to be examined internally by placing a light at 
the lower end; it also allows flexibility for expansion. The tubes are 
easily cleaned internally and are so disposed in cross section as to be 
accessible for external sweeping. The cylindrical water pockets are the 
most economical in weight and cost of construction. It is feasible to 
make the water pockets of welded or solid-drawn construction, which 
obviates the dangers of leaky seams in case cold feed is admitted to the 
bottom drums as indicated in Figs. 9 and 10. The downtake tubes are 
designed to facilitate the minimum fluctuations in water level. The boiler 
is well adapted for the installation of superheaters. - 

The combustion-chamber space can be made as large as desired, and 
usually for oil-burning boilers is about 0.09 to 0.12 cubic foot per square 
foot (0.0274 to 0.0366 cu. m. per sq. m.) of heating surface. 

Fig. 9 shows the Thornycroft latest design of boiler. When super- 
heaters are installed they are arranged between the boiler casing and the 
generator tubes as shown in Fig. 10. 

Messrs. Thornycroft & Company, Limited, have supplied their. sys- 
tem of oil-fuel apparatus for numerous naval and mercantile vessels 
throughout Europe and America. Such installations, which have been 
made. or are now. being made, amount to over 2,000,000 horsepower. 

Sir John I. Thornycroft is a particularly noted contributor to the 
original investigations and developments which are resulting in the mod- 
ern efficiency water-tube boiler. , 

Yarrow Boilers—The Yarrow boiler has been largely adopted by the 
British Admiralty and by other admiralties for destroyers, intermediate 
vessels and the largest types of battleships and battle cruisers. This was 
one of the boilers selected by the British Admiralty after an exhaustive 
report by its committee in 1902. 

These boilers are sometimes fitted of the double-end type and arranged 
for oil burning in conjunction with Coal burning, which provides a large 
overload factor quickly available. 

The general construction of ‘the Yarrow boiler is well known. Fig. 

11 represents the boiler fitted without superheaters; Fig. 12 represents 
the boiler fitted with superheaters; Fig. 13 shows the boiler as now usually 
fitted with angle-iron baffles and longitudinal. feed division plates, ‘as 
recommended by Messrs. Yarrow. 

The high class of work done by the Yarrow Company, both in design 
and. construction, and the large number of experiments.which have been 
conducted in studying the principles of correct boiler construction, theory 
of operation and efficient, working have placed the Yarrow. boiler; in)an 
enviable, position as, regards efficiency, endurance, ..and other. important 
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particulars. One of the cuts shows outside down-comers, but Mr. Har- 
old Yarrow states that these have now been abandoned as being unneces- 
ry. 
Messrs. Yarrow state that the forty-two boilers built for the Chilean 


Battleships Almirante Latorre and Almirante Cochrane are the last bat- 
tléship boilers which they have constructed without superheaters. 
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These boilers are arranged with the Yarrow special feed-heating de- 
vice which is now being fitted in all of the boilers built by Messrs. Yarrow 
for destroyers, battleships, cruisers and other war vessels. As indicated 
in Fig. 13,* the cold feed énters the lower drums and passes up the outside 
rows of tubes in each water pocket. In the case of the Chilean battleships 
the four outside rows of tubes were used for the feed to ascend. A 
longitudinal division plate is fitted in the steam drum to deflect this feed 
as it enters the drum and prevent it from short-circuiting back to the 
water pockets, as it has been found that such short-circuiting has a 
tendency to cause excessive stresses in the water pockets and seams. The 
boiler is fitted with angle-iron baffles as indicated in Fig. 13. These con- 
sist of ordinary angle irons laid in the spaces between certain of the out- 
side rows of tubes in order to more uniformly distribute the gases, and it 
has been found that these considerably increase the efficiency of the boiler. 

Two trials, each of 12 hours’ duration, were run on one of the Chilean 
boilers when burning fuel oil only. One trial was made with the feed 
entering both water pockets and ascending the outside tubes, on which 
trial, with oil having a calorific value of 19,000 B.t.u’s. per pound (10,550 
_cal. per-kg.) and running at low power, 16.81 pounds (kg.) of water 
from and at 212 degrees F. (100 degrees C.) were evaporated per pound 
(kg.) of oil; during a similar trial with the feed water entering the steam 
drum the corresponding evaporation fell to 15.83 pounds (kg.). The 
uptake temperature in the first trial was 312 degrees F. (155 degrees C.) 
and in the latter trial this temperature rose to 423 degrees F. (217 de- 
grees C.). These trials indicate the advantage obtained by this system 
of feeding.t An interesting discussion of the heat analysis in connec- 
tion with these trials has been contributed by Mr. Donald W. Rennie.t 

The Yarrow boiler has been most extensively adopted in a large number 
of navies, the total installations since 1905 amounting to well over 4,000,000 
horsepower. 

Messrs. Yarrow feel that the future development of marine boilers for 
naval vessels will be largely along the lines of increasing the rapidity of 
circulation and that this will require tubes placed at a considerable angle 
to the horizontal. Liberal combustion space for the burning of oil fuel 
will also be required, since all boilers of this class should be capable of 
being forced to the highest extent without detriment whenever emergency 
conditions require. ; 


Attention is called to the very high rates of combustion which may be 
obtained in the Yarrow boiler.* 


The Yarrow boiler is to be noted for the following points, emphasized 
by Messrs. Yarrow & Co. ee 

(1) The simplicity of design embodying straight tubes, excepting those 
adjacent to the furnace, which are slightly bent for taking up expansion. 
This facilitates inspection and cleaning of both fire side and water side 
of the tubes. ; . 

(2) The rapid circulation due to the inclination of the tubes and re- 
gardless of the rolling of the ship in a sea way, which is especially im- 
portant with high rates of evaporation now required in war ships. As 
_ is well known, intense circulation increases the efficiency of the boiler, and, 

in addition, it tends to clear the tubes of dirt or sediment and therefore 
facilitates operation with less frequent cleaning. 

(3) Accessibility, freedom from numerous joints, together with the 
embodiment of the best designs, materials and workmanship, reduce the 
time required for repairs to a minimum, These qualities of the boiler 


* “The Yarrow Boiler,” “ Engineering,” Vol. 95, page 681 (1913). 
{Harold E. Yarrow, Institution of Naval Architects,” March 


t “The Heat Analysis of an Oil-fired Water-tube Boiler,” Donald W. Renni 
_ “The Engineer,” Vol. XCVII (1914)... 
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also facilitate rapidity of raising steam, which hie been especially emphae_ 
sized during the last few months. q 

Babcock & Wilcox Marine Boilers—This boiler lias been. installed: j in 
both small and large powers ina great number and variety of vessels, | 
It is one of the boilers selected by the British Admiralty after the report ¥ 
by its boiler committee in 1902. The company have large shops in the 
United States and Scotland equipped with the best special machines and 
tools, and they also have works in France and Germany. 

The dry weight of the boiler when built for 250 to 295 pounds working _| 
pressure (17 to 20 atmos.) is about 20 pounds per square foot of heating @ 
surface (98 kgs. per sq. m.), as compared with 40 to 50 pounds per squaré @ 
foot (195 to"244 kgs. per sq. m.) for Scotch boilers for 180 pounds pres- q 
sure (12.2 atmos.). The water in such Scotch boilers varies from 174 
to 20 pounds per square foot of heating surface (83 to 98 kgs. per sq. m.). 
In large Babcock & Wilcox boilers arranged for oil firing and fitted with | 
2-inch (51 mm.) tubes, No. 10 B.W.G., in thickness, the dry weight is J 
below 16 pounds per square foot of heating surface (78 kgs. per sq. m.), 3 

The water in the boiler amounts to 3 to 5 pounds per square foot (5g 
to 24 kgs. per sq. m.) of heating surface. 

The American coal-burning boiler is constructed with the tubes placed ; 
at 15 degrees inclination to the horizontal and with forged-steel side water | 
pockets below the tubes, which form excellent furnace sides for coal @ 
firing and efficient heating surface. In the English type of this boiler] 
for coal burning the grates of adjacent boilers sometimes extend to aq 
common division wall between the boilers, with cleaning space provided) 
at the side doors above this division wall; this permits a considerable@ 
increase in the grate area, which is an advantage for long high-powered@ 
runs where cleaning fires is an important condition. 

The American type of boiler, built for oil fuel, is also fitted with side@ 
brickwork and without side water boxes below the tubes. The lowertg 
rows of tubes immediately above the furnace for oil burning are usually 
inclined 18 degrees from the horizontal while the tubes above these are | 
inclined 15 degrees. This is shown in Fig. 14. 

Reference to Figs. 15, 16, 17 and 21 indicates the accessibility for’ 
cleaning and repairs on both the water and fire sides of the tubes. Thea 
fire side of the boiler can be cleaned efficiently while under steam, as thé™ 
cleaning doors are arranged on the side.. The tubes, being straight andy 
accessible from either end, are easily inspected and renewed. The South=§ 
ern Pacific Company find that in their Steamer Creole they can blowg 
down a boiler, renew a tube and again get up steam in about two hours.™ 

Admiral Melville’s requirement that no cast metal subjected to prese 
sure should be nk png in a water-tube boiler has been fully met. The® 
tools for working and forming the pressure parts of these boilers are™ 

such as to preserve the best qualities of the materials used, so that a high J 
factor of safety is maintained. 

Repeated authentic tests show that steam can be raised from ‘water ofl 
100 degrees F. (38 degrees C.) to a pressure of 200 pounds per square: i 
inch (13.6 atmos.) within 15 minutes, without i _injuring the boiler. i 

The efficiency of the boiler with oil fuel rises as high as 80 per cenit, j 
under test conditions; with coal fuel the corresponding efficiency is abotit™ 
75 per cent. These efficiencies, of course, are with low rates of com=@ 
bustion, but the efficiency is well maintained with high: rates of firing, 
as will be noted by reference to the tests of the Arkansas and W: yoming 
boilers. both with coal and oil fuel.* The boiler has been tested to ex=™ 
tremely high rates of combustion, to 70 of ‘coak? 


of Babcock & Wilcox Boilers for U. $. Battleshi d Arkonsas,” 
Journal of A. S. N. E.,” Nov., 1910, Vol. XXII; May, 
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per square foot of grate surface per hour (342 kgs. per sq. m.), and such 
tests have been run without injury. 

The space occupied by the Babcock & Wilcox boiler is small as com- 
paren ba Scotch boilers and satisfactory as compared with other water- 
tu ilers. 

The parts of the pisces are made interchangeable and although many 
are special. still the items subject to the greatest deterioration are of com- 
mercial sizes which can be readily procured. 

The form of furnace is well adapted to complete combustion before 
the gases enter the tubes. the vertical baffles direct the gases three times, 
at right angles, across the tubes, and since the tubes are staggered, as will 
be seen by reference to Fig. 15 showing the header, the gases are brought 
into intimate contact with the heating surface. 

The circulation in the boiler is rapid and efficient and at the same time 
the steam surface is liberal and the quality of the steam is remarkably 
dry. Fig. -18 shows the drum arrangement and circulation. The feed 
enters the large drum and descends through the nipples and front headers, 
from which it passes into the tubes; mixed steam and water fill the back 


headers and: pass through the return tubes entering the steam and water 


drum back of the baffle plate; the steam passes around the ends of the 
baffle into the steam space. Tests of the Wyoming boiler showed that 
when evaporating 1434 pounds of water per square foot of heating sur- 
face (72 kgs. per sq. m.) from and at 212 degrees F. (100 degrees C.) 
the steam was 99.57 per cent. dry. 

The boiler is of rugged construction and experience shows that it can 
be efficiently operated by the regular firemen found in service. The fur- 
naces being all of one height is a great advantage and much favored by 
the firemen, as it is easier to work the fires in-such furnaces than to 
work the high side fires of four-furnace Scotch boilers. 

In regard to durability, it may be said that these boilers have been 
in operation in several steamships for periods of from eight to fourteen 
years with only minor expenses for repairs and are still in good condi- 
tion. To cite an example, the steamship Creole had ten Babcock & Wilcox 
boilers installed in 1907 containing 28,500 square feet of heating surface 


(2,650 sq. m.), 4,350 square feet (404 sq. m.) of superheating surface and 
- 783 square feet (72.7 sq. m.) of grate surface. The trip is usually made 
» operating only seven of the boilers. The pressure parts of the boilers, 


> with the exception of a few superheater tubes, do not show any appreciable. 
. deterioration. This condition is attributed to the fact that the boiler . 


water has been kept fresh. 
Experience shows that these boilers can be kept clean as easily as 


Scotch boilers. Boiler cleaning in the Creole is all performed. by de’ 
(crew. The owners have sometimes employed outside labor to clean the 
4 internal parts of Scotch boilers in other vessels of their line. 


The expense for upkeep of these boilers has been very much less than 
the corresponding expense of. upkeep of Scotch boilers in sister vessels. 
The deterioration of the boilers in use is less than that of the boilers 
which are not in use. The casings are still in good condition and less 
expense has been entailed in maintaining these casings than has been 
expended in repairs to the ordinary galvanized-iron covering over the 

ing used on the Scotch boilers of sister vessels. 

uch along the same line might be said for this boiler in naval. vessels, 
but in such work the water-tube boiler is a. necessity and the Fig of 
men to operate and care for them is higher than in merchant noanels,, 


SUPERHEATED STEAM. 
The sa vin due to superheat has tong been recognized, ee marine st 
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of trouble in the lubrication of the cylinders, the danger of oil in the 
boilers, and’ to the effect of superheated steam on the cylinders, valves, 
pipes and fittings. Difficulty in connection with pipes, fittings and valves 
has been mostly overcome, and now the use of superheated steam in 
marine work is rapidly increasing; the adoption of turbines with reduction 
devices will minimize the danger in connection with superheat used in 
large direct-connected turbines. 

Many installations have demonstrated a great economy by the use of 
superheated steam. From 8 per cent. to 15 per cent. saving in fuel 
consumption frequently appears possible. Several forms of marine super- 
heaters are being installed, principally of the U-tube type. The best 
known types are the Foster, Babcock & Wilcox, Niclausse, Schmidt, Yar- 
row and the Thornycroft superheaters. The independently-fired super- 
heater is not much used in marine work. Superheaters formed of straight 
tubes rigidly held at each end appear to be difficult to keep tight. 

The Foster Superheater is arranged in the uptakes, and therefore is not 
adapted for high degrees of superheat, but with ordinary boiler pressures 
of about 180 pounds per square inch (12.2 atmos.) it is feasible to obtain 
from 60 degrees to 65 degrees F. superheat (15 degrees to 18 degrees C.). 
This gives the advantage of thoroughly dry steam of temperatures which 
are not too high for use in the main engines and auxiliaries without ‘the 
use of special lubrication, and also facilitates the maneuvering and start- 
ing operations. 

This system is made up of a system of coils of U-tubes, and the steam 
is conducted in parallel, the run being about 50 feet (15.2 m.). The steam 
is passed back and forth six or more times at a velocity of about 5,000 
feet per minute (1,525 m.). The tubes are usually two inches diameter, 
of cold-drawn steel bent to U-shape and connected through forged-steel 
headers. The exterior of the tubes is covered with cast-iron casings 
accurately bored and tightly shrunk on. 


Fig. 19 shows the arrangement of the Foster superheater in the uptakes 


of the steamer Lyman Stewart, which is plying on the Pacific Coast. 


Fig. 20 shows the method of connecting the U-tubes to the headers and ~ 


Fic. 20.—Cross-Sectional, View oF Return Benn ELEMENT AND Con- 
NECTING HEApERS Usep IN THE CONSTRUCTION OF FosTER SUPERHEATERS. 


the cast-iron casing covering the tubes. This cut also indicates‘ the 


terior tubes which are placed within the superheating tubes, thus pro- 
viding a narrow annular space for the passage of the steam, which in- 
creases the heating efficiency. 

The Thornycroft superheater is shown in Fig. 10 and consists of the 
U-tubes placed between the main body of generating tubes and the casing. 

The Babcock & Wilcox Superheater is arranged in the boiler as indi- 
cated in Fig. 21. Due to the location of the superheater at the end of 
the first pass. of the gases through the boiler tubes, arrangement of baffles, 
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Fic. 21.—Bascock & WiLcox SUPERHEATER. 
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Fic. 22.—SrctionaL View oF INTERNALLY-FirED Marine Borer, SHOWING 
Location OF SUPERHEATER ELEMENTS IN FIRE TuBEs. 


Fic. 23.—Srctiona, View or Continuous Return Benp Usep 1n SCHMIDT 
Fire-Tuse SUPERHEATER ELEMENTS. 
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and the practicability of providing more or less heating surface, a con- 
siderable range of superheat may be provided. . 

These superheaters in seryice have proven durable and satisfactory, 
both in merchant work and in naval vessels, with pressures as high as 
300 pounds (20.4 atmos.). 

The superheaters in connection with the Babcock & Wilcox boilers in 
the steamer Creole which have been in service since 1907 are in good 
condition, with the exception that some of the superheater tubes show 
minor corrosion at the ends extending into the headers. In such a case 
the tube is easily cut off just back of the header and reinserted and ex- 
panded with very slight loss of superheating surface. 

Yarrow Superheater—One form of Yarrow superheater is indicated in 
Fig. 12. Other proposed forms have been illustrated.* 

Mr. Yarrow informs the author that all of the war ships they are now 
building are being fitted with superheaters and there is no doubt that there 
is advantage in both high and low speeds by their adoption. 

The Robinson Type of Superheater was illustrated in April, 1915, in the 
“Shipbuilding and Shipping Record.” 

The Robinson superheater is particularly applicable to Scotch boilers. 
It is of the principle of the small U-tube inserted in the regular heating 
tubes of the boiler. A unique arrangement of inserting the tubes in the 
headers is employed. 

The Schmidt Superheater has been extensively used-in several countries 
for locomotive service and is also probably the most widely adopted super- 
heater for_merchant-marine work. The principle of this superheater is 
shown in Figs. 22 and 23. It is largely used in connection with Scotch 
boilers, and, as is well known, consists of the small U-tubes inserted in 
the regular tubes of the boiler. 

Over 1,200 steamers, which total over 1,500,000 horsepower, are now 
fitted with these superheaters, either as original installations, or as changes 
from saturated steam jobs. One advantage of this type is that it can be 
readily installed in saturated-steam Scotch boilers with few changes in 
Piping, it being necessary, of course, to modify the engine valves to adapt 
them for high temperatures. The temperatures used in marine boilers 
with this superheater are from 575 degrees F. to 625 degrees F. (302 de- 
grees to 329 degrees C. 

Sir Charles A. Parsonst states in connection with superheaters of the 
Schmidt type that he considers: “First and most important the placing 
of the superheater tubes in close proximity to a boiler surface, as when 
a single convolution of a superheater tube lies within the fire tube of a 
Scotch boiler, the great advantage being that the superheater tube is 
saved from burning by the rapidity of its radiation to the contiguous sur- 
face; the second important factor is that of high steam velocity so as to 
scour out and keep the tubes clean.” 

Calibrated: pyrometers should be installed in the engine room, and sat- 
urated steam connections should be fitted to the superheated-steam pipes 
a Sox tid the amount of superheat. Such an arrangement is shown 

1g. 24, 

The U-tubes. are connected to the headers of the Schmidt superheater 
by an ingenious clamp which enables any tube to be quickly removed. 
Very little difficulty has been found with these connections. 

The cleaning of the boiler tubes when fitted with this type of super- 
heater is a point which some engineers may consider serious, but as this 
superheater is usually installed in boilers fitted with forced draft, and as 
soot blowers of the Diamond type which may be operated from the backs 


bak. Results | of ros © a with a Water-Tube Boiler with Special Reference to 
Superheating,” Harold E. Yarrow, Institution of Naval Architects, 1912. 
+North-East Coast Institution of Engineers and Shipbuilders, Volume XXX, 
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of the boilers are-generally. fitted in the combustion dudtaes the tubes 
are owent each watch with very little work and kept in efficient condition. 
The Diamond blower as. fitted in connection with this superheater is 
illustrated in Figs. 25 and 26. The nozzle of the blower, as-it is operated, 
travels out from its casing which protects it from the heat. As it travels 
out and in the angle of the nozzle changes so as to direct the steam or 
air, which is used for blowing the soot, in an increasing and d 
spiral which reaches all tubes. 


The boiler may also be cleaned by. blowing the tubes from the front if 
preferred. 


When using superheated steam of high temperatures it is necessary to 
rovide some lubrication for the pistons and valves in the main engine. 
This has been the source of much discussion. The fear. of using oil in 
the steam for marine work has probably delayed the installation of super- 
heaters in steamers, but present experience indicates that with the proper 
use of high-heat mineral oil, and with efficient oil extractors, there need be 
no trouble from oil in the boilers. 

There are several types of oil filters which may be used for this service, 
some of which consist of a simple form of a cartridge in which the 
water. enters in the middle and is forced through an annular space filled 
with cocoa fiber; this filter may be fitted both on the suction side and 
pe —. side of the pump. Some engineers provide for large filter 

nks and slow movement of the water to enable any oil to be collected. 


ARRANGEMENT OF. FIREROOM. 


In large passenger vessels the arrangement of the boilers and firerooms 
to provide for efficient operation and the least interference and. encroach- 
ment upon passenger spaces are points for ial study by engineers and 
naval architects. The arrangements in. the Hamburg-American Line 
steamers Vaterland, Bismarck and others, in which the uptakes are car- 
ried to the stacks from the outboard sides of the firerooms, thus per- 
mitting through fore-and-aft passages in the ‘saloons and public rooms, 
are worthy of mention. 

The arrangement of screen bulkheads in “the firerooms provi ‘large 
downtake spaces for fresh air, and enclosed spaces over the boilers, 
extending to the fronts of the uptakes, for carrying away the heated air, 
provides good stokehold ventilation for ordinary vessels and improves 
the fireroom*conditions as frequently observed. 

The demand in naval work to reduce the number of stacks and to 
armor the uptakes above the protective deck, in order to protect the 
boiler installation, requires long uptakes, and hence the importance is 
ecet of maintaining the lowest temperatures in the uptakes under forced 
conditions. 

The escapes from airtight’ firerooms should start from air locks at the 
bottom of the fireroom to minimize the danger in case of accidents which 
might fill the boiler room with steam. 

he arrangement of side bunkers in large merchant vessels provides for 
a greater coaling length, which materially facilitates. coaling i im’ port. 


» BOILER-ROOM PIPING, VALVES, ETC. 


The steam mn ping from the boilers should be arranged with drainage 
trapped or led back to the boilers and with sufficient freedom for expan- 
sion. There is a tendency to abandon copper material for steel, and with 
high temperatures and pressures the piping should be of seamless steel. 
Automatic self-closing valves are sometimes installed as boiler stop 
valves to prevent, in the case of the bursting of a boiler tube, the steam . 
and water from other boilers blowing through the* disabled~boiler, but 


such devices are not very popular. Engineers-usually. prefer to have the 
r 


valves positively operat om place and from deck or from an adjacent 
compartment. 
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Blow valves are now being made of the seatless hollow-piston type, 
with clear opening to give the least resistance and without projections upon 
which sediment may accumulate. 

Safety-valve regulations for merchant work are prescribed by the va- 
rious Governments and classification societies; these do not present the 
uniformity desirable. If rules could be adopted by the principal maritime 
countries prescribing the same essential characteristics for such valves, it 
would be of much advantage. Corresponding inconsistencies exist in the 
rules governing boiler scantlings. 

Fig. 31 indicates how, for a special case of a Scotch boiler of given 
diameter, the allowed working pressure, or the thickness of the shell, 
varies under different classification societies and Government regulations. 
aoe same variations apply to the steam and water_drums of water-tube 

ilers. 


BOILER-ROOM COMMUNICATION. 


This subject is becoming more important owing to the increased size 
of boiler installations, the tendency to greater subdivision of boiler- and 
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engine-room spaces and the:higher efficiency at which boilers are operated. 
The principal means of communication are loud-speaking telephones, 
speaking tubes,-electric telegraphs, electric smoke indicators, electric firing 
indicators, regulated by the engineer from the engine room, and electric 
watertight door signals, The space allowed for this paper does not permit 
of much detail description of these various devices, but excellent instru- 
ments for these services. are now made in several countries. 
Telegraph Systems are usually fitted for transmitting orders from the 
engine room to.the fireroom and from any one fireroom to the engine 
room. There is one transmitter located in the engine room and one in 
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each fireroom, each instrument being a combined transmitter and indi- 


cator. The signals consist of tanta satiated in the instruments ‘behind 
glass plates which cover orders or indications agp ae ld in the face of 
the dial. Attention in each room is called to = visual signal by means 
of a which fo once for each s ae 

Firing Indicators for controlling the firing of "piller furnaces have been 


*- adopted in many naval and large merchant vessels, and it is only by such 


means in large installations that the maximum coal economy and mini- 
mum smoke production are realized. With this system the boiler fur- 
nace doors are numbered and an indicator provided in each stokehold 
signals these numbers in rotation at r thin aye sib a at the same time. 
sounding a gong to call attention to change of signal. The interval 
between successive signals is controlled by the regulator placed in one of 
the engine rooms. 

Smoke Indicators—The density of smoke is best defined by reference 
to the Ringelmann chart as published by the U. S. Geological Survey. 
' _§moke-indicator systems are sometimes installed where it is difficult to 
observe the smoke from the fireroom, and especially in connection with 
fuel oil. In naval vessels where it is desired to cover the maneuvers of 
the vessel under cover of a dense cloud of smoke, a means of giving this 
information to the boiler room is necessary. The transmitter for this 
system may be placed on the bridge and connected to indicators in the 
boiler rooms. By these indicators the freedom from smoke or the density 
of the smoke or the amount of sinoke desired may be communicated to 
ee og rooms in a similar manner to orders given on the electric 
telegra 

In oil-burning boilers it is customary to provide small glass-covered 
openings in a sides of the uptake passage as the smoke leaves the 
boiler. An electric light placed at the back opening may be clearly seen 
at the front opening if no smoke is present. A mirror is placed at the 
front opening to reflect the image where it may be seen by the operator 
of the oil burners. 

Electric pyrometers for uptakes and stacks may be mentioned here, 
the temperatures in these places are so closely prs ahora with the efficient 
operation of large marine-boiler installations. The dials of such pyro- 
meters may be located in the boiler room or elsewhere, and wires led to 
thermo couples placed in various parts of the gas passages; by the turn- 
ing of a switch, connection is made to pice pV couple, w imme- 
diately indicates the waretahaous on the dial. 


* ANALYSIS OF FLUE GASES. 


Facilities for accurately and quickly analyzing ses have been the 
means of largely increasing the economy of nett marine ae — Several forms 
of apparatus are now used aboard ship by which such analyses can be 
made continuously and a permanent record automatically made of the 
amount of CO, in the gases. 

The work of Professor Robert H. Smith in connection with this sub- 
ject, combustion problems and_ superheating has been very — as 
S. Geological Survey. 


HANDLING OF REFUSE AND ASHES. 


The past few years have seen the further application of hydraulic ash 
ejectors and ash liers to both naval and merchant von Several 
systems have been developed which require a — supply of water Pha 
pressures varying from 15 pounds to 300 pounds, de * “ve upon 
system used, and the draft and the size of the ship. e ae gee 
of ash ejector the discharge is above the water line, ang for this renee 
it is mow seldom adopted in naval vessels, owing to the necessity of — 
piercing the armor and torpedo bulkheads. This has led to the develop- 
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ment of the hydraulic ash expeller, which employs the principle of an 
induced water current. The ashes are carried into the discharge pipe 
and forced throughthe bottom of the vessel or out through the side of 
the ship below the water line. There are automatic safety features em- 
bodied in most designs. In installing this type of ejector the discharge 
must be so placed and directed as to prevent ashes and cinders from 
being drawn into the sea suctions. Figs. 28, 29, 30 and 31 represent the 
Stone, the Metten and Palen-Burlingham types of these expellers. 

Refuse hoists are usually fitted even with oil-burning installations, and 
ash hoists are also installed in conjunction with ash expellers. Such hoists 
- consist of automatically-controlled double-cylinder engines, steam tubes 
or tubes operated by air pressure or by the vacuum system. Ash hoists 
are often arranged with self-dumping buckets which empty into chutes, 
where the ashes are flushed overboard. Some vessels have chain ash 
elevators which discharge to similar hoppers and chutes. 


MECHANICAL AND NATURAL DRAFT. 


The practice of fitting Howden draft in connection with Scotch boilers 
is still increasing. It is a tribute to the foresight of Mr. James Howden 
that the Howden draft installations of today are so similar in most essen- 
tial Points to the installations which he made fifteen or eighteen years 


Howden draft is best adapted for use in connection with Scotch boilers, 
although some large installations of water-tube boilers have recently been 
made using this system of draft. The Howden principle of automatic- 
ally closing all dampers to each furnace as fired makes the system safe 
and well adapted for Scotch boilers with separate combustion chambers. 
In applying this draft, or any similar system, to large, common, furnace 
water-tube boilers the air must be wholly or partly cut off when firing; 
thus a large grate area is affected, and for this reason, with such boilers, 
induced draft, which does not require closing of the draft dampers when 
firing, is sometimes more practicable, : 

A few years ago when induced draft with air-heater tubes was more 
commonly applied to Scotch boilers than at present, dampers in the up- 
takes for each furnace were arranged to be automatically closed when 
firing. The principal objections to induced draft are the increased size 
of fans, the difficulties of arranging the air ducts, and the fact that a 
large amount of cold air is: allowed to enter the furnace when firing, 
due to the fan suction. , 

Some water-tube boilers are now designed ‘with heating surface, gas 
passages and circulation so proportioned and arranged as to reduce 
uptake temperatures sufficiently for good economy without the use of 
‘air-heater tubes. ‘ 

It has been suggested in connection with large electrical propelling 
machinery installations, in which it is necessary to ventilate the main 
generator and propelling motors, to adopt the arrangement of placing 
the main power-generating units amidships, with boilers located. both 
forward and aft of these units, and with the propelling motors aft of the 
after boiler installation, so as to best utilize the warmed air from the 
ventilation ducts of the electrical machines in connection with the forced- 
draft system of the boilers. This also has the additional advantage of 
reducing the length of the steam piping to the turbo-generators, which js 
a decided advantage in large installations, owing to less drop in the steam’ 
pressure at the turbines. 


_* Mr. Howden in a late pa on “ Forced Combustion in Steam Boilers,” re- 
viewed this subject and stated that “The honor of first using a blowing fan to 
accelerate combustion in a steamboat beage to Mr. Edwin A. Stevens of Borden- 
town, New Jersey, who in 1827, in the North America, fitted boilers with closed 
ash pits into which the air of combustion was forced by a fan.” i Ae 
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With fire-tube boilers, where the draft is sufficient it is advantageous 
to use retarders, either of the spiral type or other form, in the boiler- 
heating tubes, and in some cases such retarders are fitted in the air- 
heater tubes. With oil-burning Scotch boilers it is feasible to install 
retarders even when designed for natural draft, and considerable gain 
in efficiency is effected thereby. 

With the best-designed Scotch boilers, with Howden draft and modern 
machinery, very economical results are obtained. 

The Scotch boilers shown in Fig. 1 were fitted in the oil-tank steamship 
Topila with Howden draft and with White fuel-oil burners. This in- 
stallation is giving very economical results.* 

During the last decade considerable improvement has been made in the 
arrangement of large fireroom installations fitted with Howden draft. 
In some well-arranged installations the fans are placed in pockets adja- 
cent to and opening into the stokeholds, so that the air for combustion is 
drawn down the ventilators and across the firerooms to the Howden draft 

‘fans. Where this arrangement is neither desirable nor practicable, the 
blowers may be located on deck above the boilers, in which case suction 
ducts are sometimes led from the fans to the stokehold, and adjustable 
suction openings are provided in the fan casings, communicating directly 
or by ducts to the fan rooms to insure ventilation: In smaller installa- 
tions the fans are usually fitted in the engine room with discharge ducts 
leading to the heater boxes, in which case the suction is taken either from 
pe ie room or from the fireroom or from both spaces, as may be 

lesired. 

With large fan installations the capacity of the units and the arrange- 7} 
ment of fan-discharge ducts-and dampers should be such as to permit - * 
the closing down of any blower for repairs or attention without seriously 
affecting the operation of the system. 

. Such an arrangement is indicated in Fig. 32, Diagram of Boilers and 
Howden Forced-Draft Arrangement on the Great Lakes Side Wheel 
Steamer See-and-Bee. 

Some of the advantages claimed for heated mechanical draft are: 
Smaller first cost; better utilization of the waste gases, with the resulting 
greater economy; more satisfactory regulation, with increased reserve 
power when the installation is correctly proportioned; economy of space 
and less weight; and, furthermore, such installations are best adapted to 
poate of superheaters, either as an original installation or as a later 

e. 


*Mr. A. S. Hebble, Superintending Engineer of the Southern Pacific Company, 
states that he has obtained on a trip from New York to Tampico, using Navy fuel 
oil of 26 degrees Baumé gravity containing about 19,500 B.t.u.’s per pound (10,730 
cal, per ae » a fuel-oil consumption of 0.875 pounds (0.397 kgs.) -per horsepower 
hour, based on the I.H.P. of the main os and an allowance of 7 cent. 
or auxiliaries and for steam used in the oil heaters and in the cargo and fuel-oil 
tank heater coils. The same vessel for the last 15 voyages, prior to June 23, 1915, 
running between Tampico, Mexico, Galveston, New Orleans and Sabin Pass, New 
York and Tampico, using Mexican crude fuel oil, and on the same basis of power 
as on the trip previously referred to, has averaged a consumption of 0.981 pounds 
(0.445 kgs.) per horsepower hour. The fuel oil for these trips showed an average 
pecific gravity at légrees F. .6 degrees C.) 0.9799. 

Baumé gravity at 60 degrees F. (15.6 degrees C.) 12.87. 

Flash point, degrees F. 139 (59.5 degrees C.). 

Water 1 per cent. s 

Heat of combustion per pound of oil, B.t.u.’s 17,976 (9,980 cal. kg.). 

It is important to keep Mexican crude oil in the bunkers and cargo tanks at a 
comparatively high Hy eng approximately 100 degrees F. to 110 degrees F. 
(88 degrees C. to 43 degrees C.), to facilitate pumping and discharging, and this 
temperature in the case of the Topila ig maintained in the cargo tanks during the 

suyegs. The allowance therefore of 7 per cent: over the main engine I.H.P. prob- 
. ably does not represent as great an expenditure of. auxiliary steam consumption as 
actually obtains. 
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FIG. 31.—ARRANGEMENT OF PALEN-BURLINGHAM U 
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OIRGRAM OF BOILERS AND HOWDEN FORCED ORAFT ARRANGEMENT 
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Fic. Sirocco Forcep-Drart Fans DrivEN sy DtreEct- 
ConNnECTED STEAM TURBINE FOR TRAINING CRUISER FOR THE CHINESE 
Commission. Capacity EacH Fan 30,000 cu. Fr. PER MINUTE (850 
cu. M.)3-INcH Static PrEssuRE (76 M.M.) 1,220 REVOLUTIONS. 


Fic. 34—Terrry Verticat-SPINDLE Two-BEARING RapIAL—-FLow Forcep- 
Fan For ItaniAN AND U. S. DEstTROYERS. 
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Fic. 35.—SturtTEvANT Horizontal, TurBINE-DrivEN Forcrep-DraFt FAN 
AND FAN WHEEL—BATILESHIP “ PENNSYLVANIA.” 
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For several years past large installations of fans, either in connection 
with Howden draft or Se the closed-fireroom ‘system or as fireroom ven- 
tilating fans for natural draft, have been made with high-speed fans of 
either the steel-plate type or the multi-vane type driven by electric motors 
or steam turbines. Such installations are sometimes fitted with the fans 
arranged in pairs with a steam turbine or a variable-speed shunt-wound 
‘self-ventilating motor between each pair. Water gages and tachometers 
are provided at the fans. If electric motors are used the controllers are 
arranged to be operated both at the fans and in the stokeholds and are 
made to protect the motors against over loads and failure of supply. 
The motors can be stopped by press buttons located in the fan rooms and 
the stokeholds. 

Closed-fireroom installations are usual in naval work. 

Fig. 33 shows “Sirocco” fans driven by turbines direct connected for 
forced draft, on a training cruiser for the Chinese Commission. 

When two or more motor-driven fans of this character are installed 
for each closed fireroom it is advisable to fit an automatic damper at 
each fan discharge so balanced that if a circuit breaker for any fan motor 
‘blows, the air pressure in the fireroom will not reverse the motor and 
due to reduction in the air pressure throw a large excess load on the. 
other fans. 

The trirtanccdviven fan is probably the most compact and lightest 
outfit which has been put on the mraket for outfits requiring moderately-. 
high air pressures. 

Fig. 34 shows turbine-driven fans built. by the Terry Steam Turbine 
Company designed for forced draft on Italian and U. S. destroyers. The 
casing is split vertically; a small portable crane is arranged to take the 
weight of the covers when dismantled. Each fan for the Italian boats is 
designed to deliver 34,000 cubic feet (963 cu. m.) of air per minute against 
an air pressure of 5.9 inches (150 mm.) water when running at 70 horse- 
power and at 1,400 revolutions per minute. These fan wheels are 37% 
“inches (952 mm.) diameter. 

Turbine-driven fan units have been fitted in several destroyers arranged 
to work compounded, the high pressure exhausting at from 50 pounds 
to 60 pounds (3.4 to 4.1 atmos.) pressure, the low pressure exhausting at 
about 10 pounds (0.7 atmos.). This results in a saving of about 20 per 
cent. in the water rate as compared with single units. 

Fig. 35 shows one of twelve Sturtevant horizontal steam turbine-driven 
forced-draft fans which are being fitted in the U. S. Battleship Pennsyl- 
vania. Each blower has a 25-inch (635 mm.) cone fan in a scroll casing 
with double inlets, and is direct connected by a flexible coupling to a 
Sturtevant steam turbine. Each unit will deliver 17,500 cubic feet (496 cu. 
m.) of air per minute at 4 inches (102 mm.) air pressure in the fireroom 
when making 2,100 revolutions per minute, and is able to maintain an 
excess capacity of 20 per cent. with steam préssure of 250 pounds (17 
atmos.) with an exhaust pressure of 15 pounds (1 atmos.) gage pressure 
at the turbine. 

Each turbine is fitted with an automatic governor and forced lubrica- 
tion, bien) is closed to prevent dust from coming in contact with the oil. 

The Keith fan has shown great efficiency and is well adapted to me- 
irate purposes. 

‘Only a few years ago when it was proposed to install steam turbine- 
driven fans for this class of work, strong criticisms were raised that such 
fans would be unsatisfactory. It is now demonstrated that these fans 
are efficient, safe, economical and reasonably quiet. Similar fans to those 
mentioned above are now made by the principal fan builders, who deserve 
much credit for bringing these units to degree. of de- 
pendability which has been realized... 
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Fic. 36.—Sturtevant Fan EncIneE, Forcep LusricaTIon. 


When two or more turbine-driven high-speed fans are installed in a 
single fireroom, the et of each fan must be practically the same to 
obviate the fans working against each other. The fan speeds may be 
adjusted by a single valve at each turbine and all fans slowed down or 
speeded up, as conditions require, by the manipulation of one valve sup- 
plying steam to all the turbines. 

Some steamship lines favor natural-draft boilers for their vessels, but 
in large installations provide forced fan ventilation to the firerooms. 
Rocking grates with natural draft are also fitted as an assistance in 
working the fires. Mechanical stokers have been tried in several installa- 
tions, but the problems of their adoption in marine work have not yet 
been solved. 

BOILER FEED PUMPS. 


The tendency in steam feed-pump design has been to eliminate flat sur- 
faces, substituting spherical and cylindrical parts to stand the high pres- 
sures and still maintain as light weights as feasible. 

The long-stroke vertical simplex boiler-feed pump has gradually de- 
veloped towards a better steam economy, a more positive operation and 
greater ease of overhauling. ; 

The high boiler pressure of 250 to 295 pounds (17 to 20 atmos.) and 
= use of superheat have required a valve gear that will operate without 


The Blake & Knowles Company have developed a design of’ suction and 
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Fic. 37.—Sturtevant Fan Encrne, Automatic Gravity LUBRICATION. 


discharge valves, shown in Fig. 38, which permits of the withdrawal of 
the entire set of valves by the removal of only the covers and lock nuts. 
Bevel-faced wing-guided valves are sometimes used and also valves. 
of the three-disc type with suitable valve decks. 
Another design, Fig. 39, provides annular double ports which permits 
of a very low lift of valve and a minimum slip and noise, facilitating high 


eed. 

Rubber valves used in connection with cold-water pumps are ordi- 
narily subject to considerable wear. This difficulty has been practically 
eliminated by the development of the rotating valve. The feature of this 
design is the partial rotation of the valve at each stroke as it is lifted 
from its.seat, which causes the contact between the valve and the seat 
ribs to change continuously, thus distributing the wear over the entire 
face with the result of greatly ineene the service of the valve. This 
rotation is secured by inclining the ribs of the valve seat so that the water 
in —— impinges on the valve at an angle. . 

ig. 40 shows a feed pump of the simplex vertical type built by the 
Warren Pump Company. This design likewise incorporates the triplex 
suction and discharge valves. On test* this pump showed, when fitted 


* Test of a Warren vertical single boiler-feed pump, Naval Engineering Experi- 
mental Station, Annapolis, “ Journal A. S. N. E.,”” May, 1913, Vol. XXV. 
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with such valves, a slippage of less than 1% per cent. at a piston speed 

of 100 feet (30.5 m.) per minute, and. less than 9 per cent. at a piston ~ 
‘speed below 24 feet (7.3 sig per minute, with delivery pressures of over 
250 pounds (17 atmos.). steam consumption on these two tests 
referred to averaged about 2 per cent. of the discharge capacity of the 
’ pump at the higher rate and less than 2.8 per cent. at the lower rate. 

he pump is especially easy to start without preliminary wareaing up. 

_In recent years rolled Monel metal has been used in place compo- 
sition for pump-piston rods and cylinder linings, for which purpose it 


has many advantages owing to its high tensile strength and great resistance - 
to corrosion. 
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Fic, & ANNULAR Dousie-Porten Fexp-Pump VALvEs. 


Direct-acting ps are now being built with a cut-off arrangement 
on the steam es. This operates on the back of the main slide valve, 
which gives an improved steam economy and smooth, quiet action, with 
quick reversal but with a minimum shock in the pipe lines. Direct-acting 
pumps are well adapted to automatic control either by the discharge pres- 
sure or by feed-heater or tank-float control. : 

Centrifugal boiler-feed pumps have been adopted to a comparativ: 
small extent, in some cases for boiler pressures as high as 295 poun 
per square inch (20 atmos.). The continuous flow largely eliminates the 
shock through piping, valves and checks, although this can also be accom- 
plished by the proper use of air chambers in connection with direct- 
acting pumps. 

As Mr. Weir has pointed out,* the feed pumps should be driven by the 
same source of power that actuates the main machinery. It is to be 
noted in this connection that turbines are being successfully developed — 
for such “- in a considerable amount of high-grade merchant and 
naval sick he feeling of caution as to the use of centrifugal pumps 
is changing to one of more assurance and confidence. 


* “ Development in Auxiliary Units Between Exhaust Pipe and Boiler,” “ Trans- 
actions of Institution of Engineérs and Shipbuilders in Scotland,” October, 1912. 
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FEED-WATER HEATERS. 


The importance of feed heating is being more genetally recognized in 
recent years. This is largely due to the fact that the amount of auxiliary 
exhaust in present installations is greater, owing to an increased number 


of independent auxiliaries. 

In boilers where the feed is taken in so as to extract the greatest 
amount of heat from the escaping gases, feed heating is not so essential; 
but in most types of boilers it is important to fit auxiliary-exhaust feed 
heaters, both from the point of economy of fuel and boiler maintenance. - 

Steam feed-water heaters are fitted of two principal classes—the con- 
tact type, which is found in many trans-ocean liners, and the surface or 
pressure type, which is used in both naval and merchant work. The con- 
tact type makes it necessary to employ an additional pump for lifting the 
water from the hot-well to the heater and also entails handling the heated 
feed in the main. feed pumps. This in some cases has proven unsatis- 
factory, but the ability of this heater to eliminate injurious gases from 
the feed and the high efficiency are points in its favor, and large numbers 
“+ oe class of heater, including the Weir and Blake types, have been 

tted. ; 

If oil is used so that there is any possibility of its entering the steam or 
exhaust, special precaution must be taken to eliminate it. This heater 
also requires to be placed so high that it usually cannot be adopted for 
naval work. This point has been brought out and the subject of feed 
heating ably discussed by Mr. Weir in his paper above referred to. 

The surface or closed type of heater is also used in merchant work and 
extensively in naval work. In some instances it may be advantageous to 
install both types of heaters in conjunction, as outlined by Mr. Weir. The 
surface type permits of higher feed temperatures than the contact heater. 

The conditions governing the efficiency of surface heaters are lucidly 
presented by Prof. Leo Loeb.* After discussing the thermal resistances 
of several metals, water and air, Prof. Loeb states: “It is evident, there- 
fore, that a metal tube will transmit all the heat that is presented to its 
surface and that the controlling resistances lie in the two films _ which 
cling to the metal surface. The condensing steam presents a wet surface, 
so that resistances on the two sides are much alike. ‘ 

“The formation of such a film is a friction effect. The microscopic 
irregularities of surface of the metal walls tear off particles of the fluids 
passing and prevent these particles from being swept along with the 
major current. The more completely these particles of water are dis- 
lodged ‘and swept from the. surface, the better able are other: colder 
particles to replace’ them and absorb their share of heat from the sur- 
face. Hence the problem in producing high transmissions in heaters is 
the destruction of this water film by a scrubbing action produced by a 
high velocity along the heating surface. When the limit of heat trans- 
mission has been reached on the water side by a velocity that is entirely 
practical, the controlling resistance has passed to the steam side, and 
the only way to further increase heat transmission is to sweep away the 
film on the steam side.” ; 

Prof. Loeb clearly outlines other conditions encountered in this type of 
heater and discusses heat transference as affected by temperature differ- 
efices, the high transfer rates which may be obtained with water agita- 
oe and the deleterious effect of air in reducing the efficiency of such 

eaters. 

The experiments made by Prof. Loeb show the high efficiency 'pos- 
sible with the Schiitte & Koerting film type of heater. This heater is 
illustrated in Fig. 41. 


* “ Heat Transmission and Tube. Length in’ Marine Feed-Water Heaters,” “ Jour. 
nal of the A. S. N. E.,” May, 1915. id 
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BOILER CORROSION. 


The corrosion of boilers has been the subject of much study and dis- 
cussion. The principal causes of corrosion are the presence in the water 
of air and salts; acidity of the water due to salts and the use of animal 
or vegetable oils; and galvanic action. Corrosion is greatly increased by 
sluggish circulation. The feed water absorbs air and with it probably a 
greater percentage of oxygen than of nitrogen; salt water also absorbs 
more air than fresh water. With sluggish circulation the small bubbles 
of air cling to the metallic surfaces and attack the metal, especially in 
“places where these bubbles are not continuously swept off by the water 
currents. Rapid circulation also retards scale formation. 

Corrosion may be minimized by diss: the boiler of air, and there- 
fore it is especially important to stop all air leaks in pipe connections, 
condensers, etc. Heating the water tends to drive out the air, and this 
is one of the advantages of the use of feed heaters which heat the water 
before it enters the boilers. It is also important to use pure water and 
avoid all water leaks in condensers which will tend to salt up the feed. 
It is probably advantageous to admit the feed to the steam space or 
slightly below the liberating surface of the water in the boiler to allow 
the air contained in the feed to separate. 

Numerous boiler compounds have beeri marketed to remedy the troubles 
of boiler corrosion and scaling, but these should be used with caution. 
as some compounds are robabi responsible for more serious and dan- 
gerous troubles. Zinc plates secured in the boiler are a preventive of 
corrosion, as is also the use of lime and soda as conditions require. 

Some progressive boiler manufacturers issue instructions relative to 
the causes and the preventive steps to be taken and remedies to be applied 
in connection with corrosion and, in addition, furnish with each marine- 
boiler installation a testing kit to enable the engineer to ascertain the 
condition of his boiler feed and to take steps to minimize the troubles 
of corrosion and scale formation. 


CONCLUSION. 


In the last decade no revolutionary inventions have been made in this 
ie but several important new ideas are now being developed; no 
marked general increase in boiler pressure has been adopted; increase in 
size of units is conspicuous, as are very la ge power installations. Scotch 


boilers are slightly simplified and more dependable; great advance in 
reliability, efficiency, capacity and durability is noted in water-tube boilers; 
the use of such boilers in merchant vessels is increasing, which permits a 
nae saving in weight and space. Howden draft for merchant work is 
still favored. Important improvements have been made in feed heaters, 
feed pumps, and forced-draft fans of steam and electric drive. The use 
of superheated steam is largely increasing and will probably continue, due 
to improved efficiency possibilities. Boiler-room communication, flue-gas 
analysis and ash and refuse handling have been largely perfected; boiler 
corrosion and boiler circulation are better understood and controlled; 
net advances have been made in methods of handling and burning 
oil. 

A large opportunity is open to the various governments and classifica- 
tion societies in connection with standardizing rules and requirements 
‘governing the construction and use of marine boilers and boiler room 
equipment. 

The writer wishes to express his grateful acknowledgments to the 
many friends in the engineering field, both in the United States and other 
countries, who have so materially assisted him with information, sug- 
gestions, data and drawings used in the preparation of this paper. 


OIL. ENGINES. 
By G. E. Winpeter. 


An oil engine may be defined as an internal-combustion prime mover, 
which develops power by the introduction of liquid fuel or hydro-carbons 
to the combustion chamber of the power-producing or working cylinder. 
There exists an impression that the oil or liquid-fuel engine is a com- 
paratively new form of power producer, having a limited sphere of opera- 
tion, but we are informed that the first successful oil engine was set to 
work soon after the introduction of the gas engine. Its development was 
for quite a considerable period retarded, because it was thought impossible 
to use any but the most volatile oils, or oils having a low flash point. 

Within the past decade its development has been such as to place it in 
a position of considerable importance as an economical and reliable prime 
mover, and the author feels that he is not presumptuous in claiming that 
it covers a broader sphere of utility as a power producer than any other 
engine in use at the present time. Most of the oil used is petroleum or 
rock oil, and distillates and residuums of petroleum. Petroleum is a 
mineral product, and is obtained from the earth in two different ways: 
(1) In a natural liquid state from subterranean wells of- varying depth; 
(2) By distillation from bituminous shale. The distillation or extraction 
of oil from shale has been carried on in Scotland since 1850. The dis- 
covery of petroleum in a natural state followed several years later. 

Petroleum, its distillates and residuums, have now become most im- 
portant articles of commerce and industrial utility. The two most im- 
portant oil-bearing countries are the United States of America and Russia, 
where vast interests are concerned in the collecting and distributing of 
millions of gallons per day. Oil is also found and commerced in very —— 
quantities from Scotland, Mexico, Burmah, Galicia, also considerable 
quantities are found in Canada, Persia, Japan, China, Argentine; in fact, 
scientific men have expressed the opinion that oil may be discovered almost 
anywhere, if deep enough borings were made. * 

Petroleum in its virgin state is rarely used as a fuel, as it contains 
valuable by-products, such as petrol or gasolene, or benzine, kerosene, 
paraffin or lamp oil, paraffin wax and lubricating oils, which bad ee 
are extracted from it by distillation at different temperatures. The dis- 


tillates of petroleum, which are commonly used for fuels in internal- 


combustion engines, are petrol or benzine, paraffin or lamp oil; or kerosene 
or residuum. 
Within recent years scientific research has placed within our reach 
other important fuels which are products of coal, and lignites, vegetable 
matter and animal fats, such as: ; 


Benzol or Benzine, Lignite Tar, - Alcohol, 


Coke Oven Tar, Lignite Tar Oils, Palm Oil, 
Vertical Retort Tar, Earth Nut Oil, Whale Oil. 
Tar Oils, Cotton-seed Oil, 


Natural selections have divided fuel oils and the engines capable of 
using them, generally speaking, into three clases: (1) Light volatile oils, 
such as petrol, benzine, benzol, as used by engines fitted with carburetors; 
(2) Medium flash point oils, such as lamp oil, paraffin or kerosene a’ 
solar oils, are used by engines fitted with vaporizers or hot bulbs; (3) 
High flash point oils, such as petroleum residuums, coke oven and vertical 
retort tars, tar oils, vegetable and animal fat oils, by engines fitted with 
pulverizing or atomizing devices. 

Engines under Class 1 are commonly known as petrol engines, and are 
the most extensively used of all internal-combustion prime movers. These 
engines are operated on the two and four-stroke cycles, the four-stroke - 
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cycle being the most common, although a fair number of two-stroke engines 
are used for small vers, such as required for motor cycles and boats. 
On the continent a large number of these engines use alcohol as fuel, but 
the heavy duties lla on all forms of alcohols preclude its use for this 
purpose in this country. 

he four-stroke cycle engine is usually fitted with two valves, an air 
inlet valve and an exhaust valve, both mechanically operated, and closed 
by spring pressure, and the cycle of operations is as follows: The piston 
on its down stroke draws atmospheric air through the inlet valve, which 
air, on its way to the cylinder, passes over a jet or jets in the carburetor. 

This simple device consists of a small chamber connected to the supply 
tank; contained in this chamber is a float to which is attached a needle 

valve, which maintains the level of petrol so that it is just below the 
mouth of jet. The air passing over the jet at high velocity induces there- 
from a spray, a petrol (which readily volatilizes at atmospheric tempera- 
ture), thereby carburetting the air passing into the cylinder. At, or about, 
the end of the down stroke the inlet valve closes, and the mixture of air 
and petrol vapor is compressed for a portion of the up stroke of the 
piston. At a predetermined point it is d, usually by an electric spark, - 
and combustion and expansion takes place on the next down stroke; the 
products of combustion are expelled through the exhaust valve on the 
fourth stroke, completing the cycle. A power stroke is obtained every 
two revolutions. 

Two-stroke petrol engines are usually arranged without air-inlet and 
exhaust valves, the piston itself acting as a valve by covering and uncov- 
ering ports which admit air and allow the exhaust gases to be expelled 
to the atmosphere. The ports are located at the lower end of the cylinder, 
and are arranged diametrically opposite to each other. As the complete 
cycle of filling the cylinder with air, compressing’ it, obtaining power, and 
exhausting, must be carried out every two strokes, expelling the exhaust 
gases and filling cylinder win air have to be carried out practically 
simultaneously. 

To carry this into effect, air compressed above atmospheric pressure is 
supplied and is used to help to expel the exhaust gases and refill the 
cylinder with fresh air at the same time. This is carried out in a very 
simple and ingenious manner. As the piston ascends on the up stroke, 
air is drawn into the crankchamber (the engine being usually of the 
enclosed type) and is compressed by the displacement of the piston on the 
next down stroke, and passes from the crankchamber through a passage 
which is connected to the inlet port in the cylinder. Directly the piston on 
its next up stroke covers the ports, compression take place, then ignition, 
etc. A power stroke is obtained each revolution. 

Owing to the volatile character of the oil, only a limited compression 
pressure is possible, with the result that a limited range of temperature is 
available, preventing the high economy in fuel consumption obtaining with 
engines using high compression; but improvement in the design of the 
engines and carburetors has resulted in very excellent fuel consumption 
now being obtained, i. ¢., 0.55 of a pint of petrol with the four-stroke 
engin: and about 0.6 of a pint for the two-stroke engine, per B.H.P. per 

our. 

These engines are extensively used for small electric-lighting and 
pumping plants for country houses, for agricultural work, mechanically- 
propelled pleasure and commercial vehicles, also marine propulsion work 
for small pleasure and fishing craft. They have also been extenstively 
caed for light fast craft, such as hydroplanes, patrol boats, racing boats, 
yachts, etc. 

The early Holland submersible boats. were fitted with this class of 
engine, but the appalling catastrophes that occurred very quickly brought 
about a decision that engines using such a volatile oil, which readily 
vaporizes at atmospheric temperatures were unsuitable when working in 


[ 
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confined spaces. Leakages were bound to take place, resulting in explo- 
sions and serious loss of life. Petrol engines have been ‘satisfactorily 
produced developing powers as high as 600 B.H.P. It has also been 
_largely responsible for the success of that beautiful but terrible engine of 
war, the flying machine, the latest wonderful production of man’s genius. 

It is generally conceded that the petrol engine is one of the most beau- 
tifully working prime movers produced. Its silence and smoothness of 
running, reliability, ease of starting and —- flexibility and sim- 
plicity of construction, coupled with its extremely light weight per horse- 
power developed, has caused it to become a most popular source of power 
for the purposes named above. * 

Turning now to engines fitted with vaporizers, and using refined o!! 
such as paraffin and the lighter crude oils, we find that Brayton, in the 
year 1873, built an engine which used lamp oil having a specific gravity 
of 0.85. Brayton holds priority in the application of introducing the fuel 
into the cylinder by means of compressed air. The consumption of fuel 
per B.H.P. hour of his earliest engine was 2.7 pounds. Experiments were 
carried out on this engine in this country by Messrs. Greenwood and 
— of Leeds, but few, if any, of these engines were placed upon the 
market. 

About the year 1888 Messrs. Priestman, of Hull, introduced an engine 
capable of using paraffin as fuel, and a considerable number were set to 
' work, with most satisfactory results. They were largely used for i- 
cultural work, fer mine work, pumping, hauling and wood sawing, driving 
fog-signalling compressing apparatus, small electric-lighting plants and 
rock drills. It is interesting to note that one of the earliest of these 
engines was used for colliery work, being placed at the bottom of a 
winding shaft 1,650 feet deep, and employed for hauling tubs of coal up 
an incline of 500 yards long, gradient 1 in 10, and gave every satisfac- 
tion. The earliest ee e gave fuel consumption of 1.73 pounds per 
B.H.P. hour. A 5 B.H.P. engine tested by Professor Unwin in 1889 
gave an average consumption of 0.95 pounds per B.H.P. hour at full 
load, and 1.38 pounds at half load. 

The engine was also adapted for marine work, in the vertical form, 
and one of the earliest applications was for the Manchester Ship Canal 
Co. Two barges for use on the Bridgewater Canal were each fitted with 
10 B.H.P. engines, the load carried was 20 tons, the distance 17 miles, 
and the time taken 5% hours; a clutch-reversing gear was fitted. The 
Priestman oil engine was operated on the four-stroke cycle. Oil was de- 
livered by a pump to a novel design of spraymaker, and was blown into 
a heated vaporizing chamber by means of compressed air at about 8 
pounds per square inch, causing the oil to be instantly vaporized by con- 
tact with the heated surfaces of the chamber. ; 

On the suction stroke air was drawn into the cylinder and with it the 
vaporized mixture, and on the next stroke the air and vapor were com- 
pressed to about 25 pounds per square inch when they were fired: by 
electric spark, supplied from a battery. ts 

The exhaust gases were expelled through a mechanically-operated ex- 
haust valve, and passed on their way to the atmosphere through a jacket 
space formed round the vaporizing chamber, and which by this means 
was automatically kept at a sufficient temperature to vaporizé the oil. 
On starting, a lamp was necessary to preheat the vaporizing chamber, 
which operation took about twenty minutes. 

Marine propulsion for small craft opened an.extensive field for the 
refined-oil engine, and many firms make a specialty of engines designed 
expressly for this purpose. Generally speaking, the vertical engine is: the 
type adopted. ; 

Messrs. Gardner, of Patricroft, one of the leading firms who have made 
a careful study of the special requirements for marine propulsion, suc- 
ceeded in producing a thoroughly simple, reliable, and economical high- 
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speed enclosed engine. The vaporizer of this engine is heated by a per- 
fected burner, using the same fuel as the engine, and burning with a small, 
silent blue flame, the burner being incorporated with the vaporizer casing, 
in a compact manner, and encased in draft screens. The air is drawn. 
into the cylinder through a jacket formed round the vaporizer, and the 
fuel, accurately measured to suit the load conditions, is delivered to the 
vaporizer by means of an ingeniously designed feed every time the air- 
inlet valve is opened. 

Ignition is effected by electric spark: the air for the combustion being 
drawn through a jacket space surrounding the lamp-heated vaporizer 
keeps the vaporizer at a more constant temperature, and it is claimed that . 
complete combustion is obtained with a -comparatively lower fuel con- 
sumption, including the oil used by the lamp, than is the case with the 
exhaust-heated vaporizer. The oe ae and smoothness of running are 
remarkably good, and a wide range of speed control is obtainable—an 
essential feature of marine propulsion engines. - 

Another feature in the design of this engine is the attention given to 
facilities for cleaning out the water spaces—an absolutely necessary fea- 
ture, and one that is often overlooked. 

Small craft are more often than not cruising about in muddy waters 
of harbors and creeks; and consequently their jacket s are liable to 
choke up with mud and other solid matter. A considerable number of 
these engines have been used on fishing trawlers and such craft. 

Passing to the engines capable of using heavy crude oils, tar, tar oils, 
etc., this ‘is a field in which the Diesel engine practically stands alone. 

Whilst other types of re ae nig owe engines can use heavy fuel oil 
for short periods, they must and do have considerable troubles, which are 
inherent to the principle upon which they work; whereas the Diesel engine 
is capable of using the heaviest of crude oil without any difficulty, pro- 
viding that it does not contain deleterious matter, such as grit, sand and 


veg table substances. Its progress as a power ee, has been remark- 
able, 


both for use on land and sea, and, in fact, under the sea. It is 
manufactured in sizes from 8 B.H.P. to 4,500 B.H.P., and experiments 
were carried out some-time ago with an engine developing 2,000 B.H.P. 
in one cylinder; and after these experiments were completed, a three- 
cylinder engine was constructed developing 8,000 B.H.P. and running at 
150 revolutions per minute. 

As no particulars are available as to the results obtained from this 
engine, owing to its being constructed for a ship of war, I am not able 
. to add any further information regarding it, but merely mention it here 

as a matter of interest indicating the high powers that may be obtained 
with this engine. It is usually operated on the two-stroke cycle, the 
four-stroke cycle, and the double-acting four-stroke cycle. The 8,000 
horsepower engine referred to above was constructed on the double-acting 
two-stroke cycle. It is built both in a horizontal and vertical form, and 
the vertical engine is the one which finds most favor in both land and 
miarine work. A brief description of the engine is given below: 

The piston is of the open-trunk type, to which the connecting rod is 
directly coupled, as in gas-engine practice, and is of considerable length, 
and fitted with six to seven Ramsbottom rings; a special feature being 
that the Combustion spaces are singularly free from pockets and recesses. 
An air compressor is necessary with all engines working on the Diesel 
principle, capable of compressing air up to a pressure of about 900 pounds 
per square inch, for the injection of the fuel oil into the working cylinder 
and for starting purposes. In the four-stroke cycle engine the cylinder 
cover is usually arranged with three valves—one exhaust, one atmospheric- 
air admission, one fuel-admission valve, and, in the case of the starting 
cylinders, an additional: compressed-air admission. valve. All the valves 
are opened by levers actuated by cams and are closed, and kept closed 
during their idle periods, by strong springs. Each valve is fitted with 
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a removable seat to facilitate withdrawal for cleaning and grinding. The 
camshaft is driven from the crankshaft at net the speed of the engi 


are arran 

e time. Usually, the arrange- 
ment consists of mounting the starti fuel levers on an eccentric 
fulcrum, their points of contact with the cam faces being fixed at right 
angles to each other, and when the eccentric fulcrum is moved through 
a given angle, one lever is brought into contact with its cam, the other 
being thrown out of contact. The fuel valve is usually opened about one- 
quarter per cent. before top dead center, and closed after the piston has - 
moved about ten per cent. on its down stroke. 

On engines adapted for marine work all cylinders are fitted with start- 
ing valves, making it possible for the engine to be started from any poe 
tion. A suitable fuel pump, which is generally driven from the cam shaft, 
is provided to deliver the oil-fuel valve casi The starting of the 
engine is comparatively simple; the starting valves are put into action, 
air is admitted for a period of four to five strokes, by which time the 
engine. will have attained sufficient momentum to permit of the starti 
valves being cut out, which operation at the same time brings the fue 
valve into action. Oil is admitted, ahd the engine commences to work 
on fuel, gradually attaining full speed; the governor then controls the 
amount of fuel required to suit the load. The operation of starting takes 
from one-and-a-half to two minutes, and the pressure required to do so 
varies between 500 and 800 pounds per square inch. 

In the four-stroke cycle engine air is drawn into the cylinder through 
a valve on the first down stroke, compressed on the up stroke, and at the 
point of maximum compression (about 470 pounds per square inch, and 
about 1,100 degrees F.) fuel oil is blown into the now highly heated air 
in a finely divided state by compressed air, varying in pressure from 520 
to 900 pounds per square inch. Slow combustion takes place, and as the 
piston descends on the power stroke, fuel continues to be delivered at 
such a rate as to maintain the maximum pressure for about 10 per cent. of 
the stroke. When fuel ceases to be admitted expansion takes place for 
the remainder of the stroke until the exhaust valve opens and allows the 
exhaust gases to be expelled during the next up stroke of the piston, 
thus completing the cycle. 

A power stroke is obtained every two revolutions. There are three 
types of two-cycle engenee at present in use: 

(1) The type in which the cylinder covers are fitted with scavenging- 
air admission, fuel admigsion, and starting valves. Exhaust valves are 
eliminated; exhaust ports being arranged instead in the cylinder walls, 
and which are covered and uncovered by the piston itself. 

(2) The type in which fuel and starting valves only are fitted in the 
cylinder cover, the admission of the air and exit of the exhaust gases 
being provided for by ports arranged in cylinder walls. 

(3) The type in which the fuel valve only is arranged in the cylinder 
cover, the: admission of air and the exit of the exhaust gases being 
provided for by ports arranged in the cylinder walls. In this type starti 
is effected by admitting compressed air to the scavenge-pump piston, whi 
pump is attached to and operates direct on to the crankshaft. 

In two-cycle Diesel engines not only is an air compressor necessary for 
providing air for fuel injection and starting purposes, as in the four- 
stroke cycle engine, but a scavenge air pump is also required to provide 
air to assist in expelling the exhaust gases and refilling the cylinder with 
fresh air. There are several arrangements: 

(1) In which a rate scavenge pump is tity Ya for each cylinder, 


. fitted on the engine frame and operated by rocking levers and links from 
. the. main engine parts. 


(2) In which a separate scavenge pump is provided per cylinder by 
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arranging a differential piston, in which the upper portion is the power 


piston and the lower portion the scawenge piston. 

(3) In which a separate p of sufficient capacity, operated 
direct from the engine cra and in line with the main power 
cylinders. 

Usually, the eigen 3 -air pressure required varies from four to eight 
pounds per square inch, according to the design of the engine. The cycle 
of operations for the two-stroke engine is as follows: 

Assuming the piston at the bottom of the stroke, compressed air at 
four to eight pounds pressure per square inch is admitted through the 
scavenging valves or ports, uk on the up stroke is compressed to 470 
to 500 pounds pressure per square inch, as in the case of the four-stroke 
engine; fuel is admitted as previously described, and expansion takes place 
until the piston descends to within 20 per cent. of the bottom of its 
stroke. At this point the exhaust ports in the cylinder walls commence 
to open, and the products of combustion are allowed to escape to the 
atmosphere and reduce the pressure in the cylinder, lower than the pres- 
sure of the scavenging air. The scavenging ports or valves are then 
opened, and any remaining products of combustion are swept out of the 
cylinder by the incoming air, and the cylinder is refilled with clean air. 
A portion of the air escapes through the exhaust ports and tends to cool 
the bars. The scavenge valves are not closed until the piston has again 
closed the exhaust ports, or in the case where scavenge-air admission 
ports are arranged in the cylinder walls the scavenge air supply is auto- 
matically cut off by the’ aera covering these ports, and the cylinder is 
left with a full volume of clean air ready for the compression stroke. 

The dag! advantages of the Diesel engines are: (1) Its extreme 
economy in fuel consumption over a wide range of load, and the entire | 
absence of stand-by losses. No oil is wasted in ore up vaporizers or 
hot bulbs. (2) Its ability to use ‘safe, cheap, heavy, high-flashpoint re- 
sidual oils obtainable over a wide range of supply. G3) Its freedom from 
pre-ignition due to the fact that air only is compressed, and not air and 
oil or vapor. (4) The entire elimination of hot bulbs or vaporizers and 
ignition devices. (5) Ease and safety of starting. 

For starting, compressed air is used, rendering the operation simple 
and safe, and as no previous preparation such as preheating is required, 
the engine can be started from “cold” and put on load’ within 1% to 2 
minutes. As the introduction of the fuel is gradual, no explosion occurs, 
and consequently there is great smoothness in running. 

Whilst the makers of the hot-bulb and vaporizer engines have increased 
the compression and made it possible to use light crude oils with excellent 
economy in consumption, continual investigations have been carried out 
over long periods in the chemical and mechanical laboratories of Messrs. 
Mirrlees, Bickerton & Day, Ltd. with almost every grade of fuel oil 
obtainable from. all parts of the world, with the result that it has been 
proved that a Diesel engine can use with perfect safety and extreme 
economy almost every available class of heavy liquid fuel oil, with the 
exception of one or two oils which contain high percentages of ash; but 
even with these oils no difficulty is experienced in burning them, but the 
ash burnt off and left in the combustion spaces collects on ‘the cylinder 
walls and the valves, and produces serious wear of the pistons and liners, 
and of the exhaust valve faces. Some years ago this firm also carried 
out some investigations as to the utility of tar oils, and an electric-power 
station abroad was fitted with “Mirrlees-Diesel” oil engines using tar 
oil as fuel. It was found, however, that whilst the engines would run 
satisfactory on this fuel when developing full and three-quarter load— 
that is, with the maximum heat bearing generated—trouble was expe- 
rienced at lighter loads, and arrangements were made so that the engines 
were kept running at their maximum load by charging batteries. 

Further investigations indicated that the difficulty of light-load running 
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could be overcome by introducing a small quantity of petroleum oil in 
advance of the tar oil with most satisfactory results. This is carried into 
effect in a very simple manner by providing a small auxiliary pump and 
arranging that it shall deliver the requisite quantity (4. e., about 6 per cent. 
of the total fuel oil used at full power) of petroleum oil, or “ ignition 
oil” as it is commonly called, to a special ag provided in the fuel- 
valve casing, and arranging that the delivery of ignition oil should be 
just’ before the delivery of tar oil, with the result that when the fuel 
valve is opened, the ignition oil passes into the heated air first, oo paren 4 
combustion and increasing the temperature, so that when the tar oil whic 
follows it is delivered to the cylinder, it immediately ignites, and com- 
bustion takes place. Ignition oil is delivered in a definite quantity at all 
a so that spontaneity of combustion of the tar oil at all loads is 
efinite. 

One ‘of the main difficulties in large-powered cylinders of the Diesel 
oil engine has been the trunk piston, and Messrs. Mirrlees, Bickerton & 
Day, Ltd., have recently modified the design of their 20-inch cylinder 
engine and arranged it with a crosshead and piston rod. It is interesting 
to note that the first Diesel engine was made in this country by the Mirr- 
lees-Watson Co., Ltd., of Glasgow, and was a crosshead engine. 

High-powered Diesel engines have shops great progress in their appli- 
cation for marine propulsion purposes. The following figures may be of 
interest : 

The total B.H.P. installed up to the close of 1915 was 113,200, and the 
total B.H.P. on order for 1916 is 99,000. The largest power on a single 
shaft (two-stroke cycle engine) was 1,800 B.H.P. The largest power on 
a single shaft (four-stroke cycle engine) was 1,700 B.H.P. Of the above 
total horsepowers installed and on order, by far the largest part is com- 
prised of engines working on the four-stroke cycle, directly reversible; 
that is, there are no intermediate reversing gears fitted between the 
engine and the propeller. This type is the one favored by Messrs. Bur- 
meister & Wain, of Glasgow, who have turned outa large number of 
very successful vessels, no less than fifteen being for one owner. The 
largest and fastest of these ships so far built is the Fiona, for the East 
Asiatic Co., which vessel has twin engines of 2,000 I.H.P. each. These 
engines have each six cylinders having a bore of 740 m/m, a stroke of 
1,100 m/m, and turn at 100 revolutions per minute, giving the ship a speed 
of about 14 knots. 

The two-cycle marine engine has not, so far, been so successful that it 
has been largely taken up by marine engineering firms. The largest engine 
installed of this type is 1,800 B.H.P., mentioned above. It has six cylin- 
ders of 500 m/m bore, 1,100 m/m stroke, and turns at 100 revolutions. 


A still larger two-stroke cycle engine is being made by the F. I. A. T. Co., 


of Turin. This has six cylinders of 600 m/m bore, 9°0 m/m stroke, and 
turns at 130 revolutions per minute. A pair of these engines are intended 
for a depot ship now completing at Spezzia for the Brazilian Navy, and 
the total power of the installation will be 6,000 I.H.P. 

Both two-stroke and four-stroke cycle engines are being built by most 
of the large marine engineering firms in this country, and a great deal 
of valuable experience obtained, and the author has no doubt that after 
the war a very considerable tonnage will be built, using Diesel oil engines 
for propulsion purposes. The economical advantages of this engine for 
vessels regularly engaged on certain trade routes are apparent. Diesel 
engines have also been fitted on ships of war for dynamo driving, and 
have also made it possible for the submarine to be operated safely, and 
its radius of action has been greatly increased.—“ The Steamship.” 


| 
| 
} 
i 
J 
{ 
i 
> 
| 
* 
| 
i 
| 7 


FUEL OILS FROM COAL. : 


Mr. Harold Moore, M. Sc. Tech., ‘recently read a paper at very short 
notice, on “Fuel Oils from: Coal;” before the Manchester Association of 
Engineers. He advocated the use of crude Tar as engine fuel, and also 
low-temperature carbonization. 

In the course of an interesting paper he said that shale oil was a Satis- 
factory substitute for petroleum, but that Scotland produced only 300,000 
tons of crude oil per year, whilst the petroleum output of the United 
States had amounted to 33 million ‘tons in 1913. Ordinary ‘horizontal 
coal-gas retorts gave from 9 to 13 gallons of tar per ton of coal (about 
5 per cent. by weight), while low-temperature carbonization yielded from 
10 to 20 per cent. of tar. Mr. Moore holds that the lighter fractions of 
the tar distillate were known as creosote, and served both for timber 
preservation and-as fuel for Diesel motors; this country produced annu- 
ally about 70,000,000 gallons of this creosote, of which 28,000,000 gallons 
had been exported before the war. Tar oils from low-temperature 
carbonization being hardly on the market, the possibilities of raw tar as 
engine fuel had to be studied. Raw tars cost about 25s. or 30s. per ton 
now, which was half the price of the distillate; heavy tars yielded about 
25 per cent. of their weight as tar oils, so that the direct utilization as 
fuel of raw tar, which was made all over the country, and not in special 
works only, would make four times the material available for power pur- 
poses. In calorific power tars were 16 per cent. lower than average 
petroleum oils. This consumption of tars, like that of heavy petroleum 
oils, in internal-combustion engines .required, however, the use of an 
ignition oil and a special fuel pump and atomizer for that oil. 

These problems, he said, had been investigated on the Continent, and 
Constam and Schlapper had found out that Diesel engines could be run 
on vertical-retort tars, on chamber-oven ‘tars, water-gas and oil-gas tars, 
certain coke-oven tars, as well as on lignite tars, but not on tars from 
horizontal and inclined retorts. With this conclusion Mr. Moore was in 
agreement. 

The requisites | for fuel tars were: High hydrogen contents; low con- 
tents of “free carbon” (which would wear out cylinders and valves) ; 
high calorific power; moderately low viscosity; less than 2 per cent. of . 
water (to prevent irregular running); low coking value (not over 15 
per cent.) ; and low ash content (not exceeding 0.15 per cent.). 

"The Premier Tarless Fuel Company avoided decomposition of the tar 
in the retort by working annular retorts with outlets at both ends, under 
a high vacuum of 25 inches of mercury at 900 degrees or 1,000 degrees F., 
and obtained from slack 20 to 25 gallons of tar per ton; from poor cannel 
coal, 52 to 60 gallons; and from gos cannel, 60 to 80 gallons. When 
dehydrated this tar made an excellent Diesel-engine fuel. He proposed 
to submit the hot gases to fractional condensation by cold in three suc- 
cessive stages; the first would yield pitch and free carbon, the second 
oils, the third the volatile benzene, toluene, etc.; the oils gy anthra- 
cene) of the second stage should, he said, give a good engine aw! oe 
if too rich in naphthalene, could be prclented: in tanks.—“ Page Engi- 


RADIO-TELEPHONY. 


The tritistiiteslion of speech without wires is a propieen with which 
scientists and electricians have been dealing in one way and another for 
a good many years, though it is doubtful if anyone imagined until quite 
recently that radio-telephony could be efficiently established across the 
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Atlantic. Speech, however, has actually been transmitted between the 
giant station at Arlington, near Washington, and the Eiffel Tower. The 
achievement is all the more remarkable when it is remembered that not 
a word, or even a sound suggestive of a word, has ever been transmitted 
through an Atlantic cable, nor is there reason to think that this will be 
possible whilst present methods are in vogue. Working jointly, the 
American Telephone and Telegraph Company and the Western Electric 
Company are said to have obtained results little short of marvellous 
considering the distance involved. To American engineers the credit for 
this achievement belongs, but it must not be imagined that wireless ex- 
perts in this country have done nothing in this particular field. As far 
back as 1913 Mr. Round, of the Marconi Company, carried on conversa- 
tion without wires between Marconi House and Berlin. In fact, such 


excellent progress was being made that had it not been for the inter- — 


vention of the war the Marconi transatlantic stations would in all proba- 
bility now be in wireless telephonic communication. Next to nothing of 
a technical character concerning the tests between Arlington and Paris 
has been published, although there is reason to believe that the methods 


‘adopted are very similar to those employed in the latest experiments con- 


ducted by. Mr. Round. 


Wireless telephony is a broad subject and does not lend itself to brief 
treatment. The fundamental principle, however, is that a stream of 
radiations constant in wave length and amplitude must be emitted from 
the transmitting station continuously or with interruptions not fewer 
than several thousands per second, and upon this uniform flow of radia- 
tion changes of some kind or another must be imposed in quantitative 
accord with the acoustic vibrations to be transmitted. At the receiving 
end the apparatus must be capable of giving in a quantitative manner 
audible indications of these changes conveyed by the idiosyncrasies of 
the incoming radiations. The Poulsen arc provides a practically constant 
stream of waves, whilst certain forms of the quenched-spark discharger 
give a rapidly-interrupted stream. The sparks in this latter case must 
occur one after the other so rapidly that their frequency is ‘above the 
audible range where the telephone and ear are not sensitive, and any 
resultant tone would not interfere with the reception of speech. Gen- 
erally speaking, in the past the continuous high-frequency currents. have 
been generated either by an alternator of special design or by some form 
of high-voltage direct-current arc shunted by a capacity and inductance. 
Numerous methods have been proposed for obtaining the acoustic control. 
If the radiations are generated by an arc the microphone may be made 
to modify the supply current to the arc or the length of the arc or the 
gas supply or magnetic field. But in spite of the wide range of possi- 
bilities in this connection the difficulties at the transmitting end are in- 
finitely greater than at the receiving end. The matter of sufficient ener, 
control is the one great problem in wireless telephony which has stood in 
the way of attaining distance ranges comparable with those accomplished 
in wireless telegraphy. At the receiving end the difficulties are, com- 
paratively speaking, insignificant for any continuously and rapidly-actin 
quantitative detector that can be used with a telephone receiver. wi 
serve for receiving, irrespective of all. arrangemnts at the sending. sta- 
tion. From. the small amount.of technical information given with respect 
to the Washington to Paris trials no definite conclusions as to the methods 
adopted can be drawn. Those in.a position to form an opinion, however, 
consider that in all. probability an ordinary microphone for speaki 
was used, the current through it being amplified many times an 


‘then. employed to modify a high-frequency current of great power 
produced by the new oscillating Fleming valve. If this assump- 


tion be correct, then the methods correspond very closely with those 
adopted by Mr. Round. Since the oscillations. produced by this 
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method are very constant in wave length and amplitude great magni- 
fication is possible. Most recent progress seems to have been along the 
lines of amplifying the current and producing waves by various kinds 
of vacuum tubes. Mr. Round and the Marconi Company have utilized 
the vacuous detector with one hot and two cold electrodes for the pro- 
duction of continuous high-frequency oscillations, and others have carried 
out important work on the same lines. Much trouble was met with in 
the past with microphones connected in the aerial circuit. To obtain the 
requisite control over the outgoing waves the microphones had to be 
made for currents much heavier than usual, but owing to the magni- 
fying power of Fleming and other valves these difficulties have now been 
removed. So far as it is possible to gather from the information avail- 
able these vacuum-tube methods of producing and amplifying waves are 
at the present time the most hopeful. High-frequency alternator systems 
have been used ever since the first trials at Fessenden, ‘nearly ten years 
ago. 

They do not, however, appear to meet commercial requirements. Their 
high cost, low frequency, and consequently long wave length and 
difficulty of speed regulation, hinder their application. With the theory 
of vacuum-tube generators and amplifiers we hope to deal at some other 
time. Our present object has been to discuss the situation rather than to 
enter deeply into the theories involved. But- it must not be imagined 
that we have by any means covered all the workable systems. During 
the past ten years an enormous amount of work has been done, and 
between the years 1913 and 1914 experimenters were particularly active. 
About this period several distinct methods were developed by different 
workers. Of these the Japanese T. Y. K. system, the American Janke, 
the Ditcham, and the reaction-valve systems are the most important. The 
first two systems are arc systems, the third a quenched-spark system, 
and the fourth, as its name implies, a vacuum-tube system, as developed by 
Marconi, Round and others. 


There are two promising fields for radio-telephony. The first is for 
long distances where wire telephony at present is impossible over sub- 
marine cables. The other is for comparatively short distances, between 
ships, for instance, and from shore to ships some distance out at sea. 
In the latter case wireless transmission might be used in connection with 
land lines, so that communication might be established with the same 
ease as when talking from one city to another. For work of this kind 
neat and compact sets are made, operating on the vacuum-tube principle. 
It was with a set of this kind that the first tests were conducted by Mr. 
Round between two Italian cruisers. With ridiculously small aerial cur- 
rents, such as .2 amperes, it was possible to transmit speech 70 kiloms., 
this high efficiency being due to the absolutely silent and constant char- 
acter of the oscillations produced and to the consequent .ability to magnify 
at the receiving end. It is doubtful if radio-telephony will ever supersede 
the present wire system for short distances over land, but it will undoubt- 
edly be of immense value where the wire telephone is impractiacble. The 
development of radio-telephonic apparatus has been a slow and laborious 
process, involving much perseverance and expense. At times any real 
measure of success appeared hopeless, except for short ranges of trans- 
mission. But now that speech has been transmitted between Paris and 
Washington the outlook is altogether different, and there is every reason 
to believe that sooner or later radio-telephony will establish itself perma- 
nently as a means of communication throughout the world—“ The 


Engineer.” 


789 
THE PROPERTIES OF OILS AND THEIR RELATION TO 
LUBRICATION. 


Georce B. Upron, 
Assistant Professor in Experimental Engineering, Sibley College, Cornell University. 

The ordinary users of oils for lubrication of machinery, and many of 
the sellers, have very little notion of what those properties of oils are 
which are concerned in lubrication, and how lubrication comes about. 
Hence the following brief sketch of the meanings and~purposes of various 
tests to which oils may be put. 

“1. Test for acidity—Acids in oils, in amounts greater than traces, cause 
rusting and pitting of metal surfaces, and will soon put shafts or bear- 
ings out of commission. Alkalis must also be avoided. Oils should be 
chemically neutral, neither acid nor alkaline. All oils form acids more 
or less rapidly in the presence of heat and moisture; more rapidly the 
greater the heat. With mineral oils this action is usually negligible; with 
animal and vegetable oils it is considerable. Soaps used to alter the vis- 
cosity of oils also decompose by heat. Mineral oils are often bleached 
during manufacture by the use of sulfuric acid, which may fail of 
removal or neutralization in the later processes, and so remain in the oil 
as sold. An oil which is neutral when purchased, and which does not get 
very hot in use, can be expected to stay neutral. — 

2. Test for ash—All pure oils, when heated and ignited in the open - 
air, burn quite completely, leaving almost no ash. Mineral soaps put into 
the oils leave ash. The ash test therefore becomes practically a test for 
the preserice of soaps in the oil. Whether or not these soaps are objec- 
tionable depends upon the use to which the oil is put. Soaps usually raise 
the viscosity of oils. Soaps are used freely in greases, and generally 
without objection. If the oil is to be used hot, however, the soap is liable 
to decompose and cause trouble by rusting of metals. : 

3. Test for carbon residue—The oils consist principally or entirely of 
chemical compounds of carbon and hydrogen (hydrocarbons). About 90 

r cent. by weight of the oil is carbon in the ultimate analysis. When 

eated very hot the hydrocarbons decompose partially, forming volatile 
combustible gases and heavier hydrocarbons, or carbonaceous matter, and 
even elementary free carbon. Such free carbon (and carbonaceous mat- 
ter) is always in solution or suspension in oils to some extent, from the 
processes of manufacture. Heated very hot in closed vessels, without 
ignition, the oils partially distill unchanged, and partially decompose. 
When this action is carried to the end point there is left in the flask a 
thin deposit of “carbon residue.” Animal and vegetable oils, and mineral 
oils loaded with rosins or soaps, leave larger “carbon residues” than pure 
mineral oils, for which the residue is only a fraction of one per cent. 

The “carbon residue” test has practically nothing to do with the amount 
of “carbonizing” by the oil in the cylinders and on the pistons of internal- 
combustion engines, though it is often so taken. The conditions of the 
test are utterly different from the conditions in ‘the engine cylinder. In 
the cylinder the oil is spread out in thin films on hot metal, and exposed 
to the burning gases of the “explosion.” These gases may orf may not 
carry an excess of oxygen to combine with the heated oil: The amount 
of carbon formed in the cylinder depends on the amount of oil reaching: 


- the cylinder and the conditions of exposure in the cylinder. The amount 
‘of oil depends on the mechanical fit of piston and cylinder, especially the 


condition of the piston rings, and on the viscosity of the hot oil on the 
cylinder walls. The lower the viscosity the more oil will go up past the 
pistons. After the oil has gone past the pistons a “lean” mixture in the 
combustion space will have excess oxygen to burn up the oil more or 
less completely, while a “rich” mixture will not have excess oxygen, the 
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oil cannot burn, and the rich mixture may itself be depositing lampblack 


carbon. 

4. Oxidation test—Oils gradually oxidize by contact with air at exposed 
surfaces of oil. The rate of oxidation increases with temperature. The 

roduct of the oxidation is resinous or gummy, and spoils the oil as a 

bricant if much oxidation occurs. Mineral oils oxidize very little or not 
at all. Some, but not all, of the animal and vegetable oils oxidize very 
rapidly. An extreme case is that of linseed oil. The action common! 
called “drying” of paint is really the oxidation of the linseed oil. A 
lubricating oil should be practically non-oxidizing. 

An oxidizing oil brings in a considerable fire risk, because when spread 
out thin on oily waste or cloths it will often oxidize so rapidly- at ordinary 
temperatures as to start “spontaneous combustion.” This does not happen 
with a non-oxidizing oil. Any oily waste will burn strongly after 
ignition; but a lubricating oil ought not to be able to start a fire of its 
own accord. 

5. Volatility test—Oils vaporize without chemical change, just as water 
does. In some cases, where the oil is kept quite hot, the loss of oil by this 
vaporization, or volatility, may be perceptible. Usually the vaporization 
loss is small, and even less than leakage losses from a machine. Mineral 
oils are generally more volatile than animal or vegetable oils. Volatility 
of lubricating oils is of little practical importance. 

6. Surface tension, or capillarity—This, and the adhesion of oil to metal 

. surfaces, are the forces which cause oil to spread over the metal, and to 
crawl into the thin spaces between bearing and shaft, or piston and 
cylinder, while the metal parts are at rest. Animal and vegetable oils 
adhere better to metal surfaces than do mineral oils. This property is 
especially important in steam-engine valve and cylinder lubrication, where 
the oil must adhere to the metal so strongly that water, and the tendency 
of oil to float on water, cannot remove the oil film. Mineral oils, pure, 
may be displaced from a steam-engine cylinder wall or valve seat by hot 
water. The adding of small amounts of animal or vegetable oil to the 
mineral steam-cylinder oil helps the oil film to adhere. The good effect is 
important enough to counterbalance the bad tendency of the animal or 
vegetable oil to form acids. Where water is absent the mineral oils stick 
well enough on metal surfaces. Surface tension of lubricating oils is not 
usually noticed in testing. 

7. Color test.—Color of oil has no connection with lubrication. It re- 
sults from the ‘details of the manufacturing process. Mineral oils are 
naturally dark, or dark red, until the carbon and carbonaceous matter are 
removed by filtration or bleached by sulfuric acid. The removal or bleach- 
ing of the carbon and carbonaceous matter probably does little to affect 
the lubricating properties, though it may make the oil prettier to look at. 

8. Emulsion test—A very simple test to check the purity of a mineral 
oil is the emulsion test. Fill a clean bottle about a quarter full of clear 
water (preferably distilled) and another quarter full of the oil. Shake 
vigorously until oil and water form an emulsion. Allow to stand for 24 
hours. A pure distilled mineral oil separates gon egal from the water, 
which remains clear. Acids, soaps, rosins, etc., e emulsification easier, 
prevent the complete separation of oil and water, and leave the water 
cloudy. There will often be, after the separation, a layer of leathery 
foam between the oil and the water. The emulsion test is a rough one; 
it takes a chemical analysis to work out the real reasons for the actions 
shown. The fact that an oil will or will not readily form an emulsion 
with water is often of importance in judging whether the oil will feed or 
not, as an oil-pump suction will not work on the foam. 

9. Flash point, and burning point or fire test—It has been mentioned 
that when heated to high temperatures oils decompose chemically, the hy- 
drocarbons breaking up into volatile combustible gases and carbonaceous 
matter, or even free carbon. The flash point is the lowest temperature at 
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which the Hecomagoaisnns of the oil by heat becomes demonstrable through 
the formation of a combustible, slightly explosive gas mixture over 

oil surface. The burning point, or fire test, is the lowest temperature at 
which the production of combustible Bog from the oil is so rapid as to 
maintain combustion after ignition. oil does not. ignite itself merely 
because it is at or slightly above the flash point or the burn point; 
external ignition is necessary. 

These tests originally came in because of fire risk. The flash and 
burn points of lubricating oils were a generation ago often as low as 
200 degrees to 300 degrees F. An ordinary hot bearing was potential 
_ material for a bad fire, for an oil fire is hard to stop after it gets under 
way. With improvements in the manufacture of oils, the flash and burn 

ints have been raised so that they now lie usually above 300 degrees 

.» and often above 400 degrees F. 

As regards fire risk, the flash point of lubricating oils is of little con- 
sequence; thé burn point is the more important of the two. As regards 
the use of the oil as a lubricant, the flash point is more important than 
the burn point. The flash point puts an upper limit to the temperature 
of use of the oil, because the chemical decomposition changes the pr 
erties of the oil, and the formation of gas in an oil film will break t 
film, It is quite possible, even probable, however, that the practical 
upper temperature limit for the use of an oil as a lubricant occurs below 
the flash point, from the decrease of viscosity of the oil with rising tem- 
-perature. We test for flash and burn points, therefore, to catch any oil 
which might y fe « fire risk from having these points too low, and to be 
sure that the flash point occurs at a temperature higher than the highest 
temperature at which the oil is to act as a lubricant. 

There are a number of places in machinery where oils have to lubricate 
at decidedly high temperatures. Steam engine cylinder oils must lubri- 
cate valves and pistons at the temperature of high-pressure steam, some- 
where from 300 degrees to 400 degrees F.; with superheated steam even 
higher. Automobile-cylinder oils must lubricate the pistons in the cyl- 
inders with a temperature in the oil film of 250 degrees to 350 degrees F. 
In this case a further requirement is put upon the oil that that portion 
of it which goes up past the pistons must burn up quickly and cleanly. 
Hence, the Ih and burn points of automobile engine oils must be 
neither too low nor too high, say not under 400 degrees nor over 500 
degrees F. for water-cooled engines. Stationary gas engines and marine 
engines run colder than automobile engines, and the flash and burn points 
of their oils may be lower. 

10. Heat test—While the oil is undergoing decomposition by heat we 
are interested not only in the gases given off, which give the flash and 
-burn tests, but also in the solid or semi-solid products of the decompo- 
sition. These substances, carbon or carbonaceous matter, remain in the 
oil. At present there is no standardized test on this line, paralleling the 
flash and burn test, It may be suggested that after the flash-point tem- 
pastes is known another sample of the oil might be held for half an 

our at the flash-point temperature, without ignition, and then be poured 
off into a test tube and set away for 24 hours. It should then be exam- 
ined for quantity and quality of carbonaceous matter and carbon present 
in suspension or settled out. Some oils form almost no carbon under 
this action; others will show a carbon deposit of one-quarter the volume 
of the oil in the test tube. Probably these latter oils would be unsuitable 
for high-temperature use. 

The accumulation of carbon and carbonaceous matter may choke oil 
‘pipes and feed holes, and the carbon may act as a mild abrasive in 
bearings. The viscosity of oil tends to be ont Sn by the carbon; 
but the simultaneous formation of light hydrocarbons in the oil counter- . 
balances. this. . The accumulation of this carbon is one of the reasons 
why the used oil should be periodically cleaned out of the crank case of 
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an automobile engine. The oil which splashes up to the inside top of 
bm a is spoiled on the hot metal, then drops back into the rest of 
the oi, : 

11. Cold tests—As oils are cooled they increase rapidly in viscosity, 
that is, become stiff -or sticky liquids. They may become so stiff that they 
will not flow at a readily measurable rate under the action of gravity. 
The temperature at which, in cooling, oil first gets too stiff for vity 
flow is called the température of the pour test. Since gravity flow is 
very commonly relied upon to move the oil along feed pipes to bearings, 
cooling below the pour-test temperature stops the feeding of the lubri- 
_ cant. On this account the pour test is of considerable importance as a 
_ low temperature limit to the use of the oil. Full force-feed systems of 

supply of oil to bearings continue to work below the pour-test tempera- 
ture, down to or near to that temperature where the oil. becomes prac- 
tically a solid substance. 

Between the pour-test temperature and the solidifying teniperature oils 
are, in appearance and lubricating action, what “greases” are at ordinary 
temperatures. Some “greases” are in fact: merely oils with pour-test 
temperatures above instead of below ordinary room temperatures. Some 
oils, of animal or vegetable origin, freeze as water does, at one tem- 
perature, changing suddenly from a ‘thin liquid to a rigid solid. Most 
oils, however, become progressively more and more stiff or solid during 
cooling, with pour-test temperatures somewhere between 40 degrees and 
0 degrees F., and solidifying temperatures perhaps 40° degrees or 50 
degrees F. lower still. 

A cold test commonly made, but of no apparent practical application, 
is the cloud test. Many oils contain paraffin or similar waxes in solution, 
and in cooling throw this wax progressively out. of solution as the tem- 
perature goes below a certain point. This b omer is that of the “cloud 
test,” because the separation of the wax clouds the previously transparent 

il. The cloud test is usually at a higher temperature than the pour test. 
The cloud test may be called the temperature of beginning of 'the partial 
solidification of the oil, which partial solidification may be in part re- 
sponsible for the action (or lack of action) at the pour-test temperature. 

In many of the present automobile engines the oil-feed piping ‘is internal 
to the engine. In such an engine even the pour test of the oil becomes 
of little consequence. If the oil is fluid eno to let the cold engine 
be started at all, the heat of friction will soon lessen the viscosity of the 
oil, and the chances are that the oil will be feeding properly by the time 
the engine will be ready to change from idling to appreciable power pro- 
duction. If the oil-feed piping were external to the engine, not warmed 
up readily by the engine heat, it would behoove the user of the engine to 
ee — careful in the winter time about the pour-test temperature of 
the oil. 

12. Density—Density of oils is probably the property most often. mis- 
understood and _ misinterpreted. sity is commonly measured and 

oted in the oil trade in terms of an obsolescent scale, the scale of 
‘Beaumé light” on a hydrometer. The relation between “Beaumé num- 
bers” and ordinary densities, or specific gravities, with water as unity, is 

density = number) ‘Thus Beaumé number 29.0 means 

; 140 140 
a density of 04+ 29 — 19 0.880. In strict accuracy, Beaumé 


number 10.0 corresponds to water as 1.000 at 60 degrees F., where the 
real density is 0.998 on the scientific scale, which takes water as unity at 
its maximum density (at 4.0 degrees C.). : 
Density of oils has nothing to do with lubrication by the oils; tubri- 
cation does not depend in any way upon density as-a specific property 


‘ 
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of the oil, When we speak of oils as “light,” “medium” or “heavy,” 
the property concerned is viscosity. “Light” means low viscosity; 
“heavy” means high viscosity. These technical usages of the words 
“light” and “heavy” are extremely unfortunate and highly misleading. 
They go back historically to a time when it was thought that oils of 
high viscosity were necessarily also of high density. at there is no 
such connection between the two a may be readily brought out 
by citing liquids other than oils. Three common liquids have the prop- 
erties at zero degrees Centigrade: water, density 1.00, viscosity, 0.018 
c. g. S, units; mercury, density 13.60, viscosity, 0.017; glycerine, density 
1.27, viscosity 46.0, It is true that oils made by the same process from 
the same.crude oil have higher densities as they have higher viscosities ; 
but change of process with the same crude oil as base slightly dislocates . 
this relation of density and viscosity, and change of the crude oil entirely 
dislocates it. 

What the density does tell concerning the -oil seems to be the sour 
of the oil—what kind of crude oil was used. Thus densities above 0.90 
(Beaumé numbers’ less than 27) indicate in this country that Texas crude 
oil was used as base; densities below 0.90 (Beaumé numbers greater than 
27) indicate Pennsylvania crude oil as base. ; 

Density -has an important commercial application when it is used to 
identify oils. Let it be supposed that a certain firm has by many trials 
found that ‘one brand and grade of oil is for them the best for one use, 
saves the most power and gives the least cost of repairs to machinery 
and time out for repairs. (Cost of oil itself is less important than the 
value of power saving and repair saving.) Before ordering more of this 
oil from the jobber the firm measures the density of the oil: If they 
find that the new shipment of supposedly the same oil has very closely 
the same density as the original, it is practically certain that they got 
what they ordered. ; 

In the complete testing of gils density determination is necessary as an 
accessory to the common types (flow types) of viscometers. These 
instruments measure not viscosity but the ratio of viscosity to density, so 
that density must be known before viscosity can be computed. _ : 

13. Viscosity.—Viscosity is the most important property of oils as re- 
gards lubricating action. It is practically the controlling factor, so far 
as the oil is concerned, in the formation and maintenance of the oil film 
between metal parts when the parts are in motion. Viscosity is the 
internal friction of fluids, the force resisting the movement of one layer 
of oil past the next. A liquid which, like steam-engine cylinder oil or 
tar, is “thick” or “stiff,” and does not flow readily, has high viscosity; 
a liquid which is “thin,” flows readily, like water, has a low viscosity. 
If two parallel metal surfaces of area A, distance x apart, have the 
space’ between them filled with oil of viscosity n, and move past each 
other with the velocity V, then the viscous force F opposing the! motion 


is F = Ava or viscous force = (area of oil film) (velocity differ- 
ence at the two surfaces of the film) (viscosity) + (thickness of film). 
Inverting ‘this ‘equation n = pe . With the forces, distances, areas and 


velocities in foot-pound-second or centimeter-gram-second units respect- 
ively, this equation tells the values of absolute viscosities in the two 
systems of measurement. The numerical values quoted above for water, 
mercury, and glycerine are in c.g.s. units.. The equation for viscous force 


is often written F = An(~), in which the ratio is called the “velocity 
gradient.” i 
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When a shaft is at rest in a bearing, with load on, the shaft and bearing 
are in metallic contact on the side toward the load. The shaft being 
smaller in diameter than the inside of the bearing, there remains a thin 
crescent-shaped space between shaft and bearing metal on the side away 
from the load. This space will fill with oil, while the shaft is at rest, 
by the action of surface tension or capillarity, even against the action of 
gravity. The relation of parts is as shown in Fig. 1. ; 


LOAD 


BEARING BEARING 


¢ 
Fic. 1.—SHart at Rest; Fic. 2.—SuHart Runninc; 
AD ON. ForMep, 


When the shaft starts to turn, oil sticks to the shaft and tends to 
carry around with the shaft to form a film of oil between shaft and 
bearing on the side toward the load. The bearing, because of the load, 
tries to wipe this oil off'the shaft, or to prevent the oil from going 
through, The oil layer in contact with the bearing metal stays stationary 
in any case. The result of the actions of the moving shaft and the sta- 
tionary bearing metal is a motion of oil layer on oil layer, a motion which 
brings in the forces due to viscosity of the oil. 

The viscous force tries to push a wedge-shaped film of oil through 
between shaft and bearing. The wedge is a bent one, as shown in Fig. 1. 
The force carrying oil into the wedge increases both with the velocity of 
the shaft surface and with the viscosity of the oil, or is proportional 
to the product of velocity by viscosity. This viscous force has against 
the load on the bearing the mechanical advantage of the wedge, an 
advantage measured by the ratio of diameter of shaft to clearance of 
bearing (difference of diameter of shaft and bearing). When the viscous 
force,’or product of viscosity by velocity, becomes large enough, the 
oil film rather suddenly carries through, and shaft and bearing take the 
relative positions shown in Fig. 2. The oil film must of course always 
be thinner on the load side than on the unloaded side, but with good 
lubrication the shaft does come appreciably near to running concentric 
with the bearing. In other words, the thickness of the oil film toward 
the load, where the film is thinnest, approaches as a limit, but does not 
reach, one-half the clearance. There is thus a mechanical limit to the 
thickness of the oil film. 


: 
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Because of the relationships of forces just outlined, the thickness of 

the oil film toward the load in any given bearing depends upon the value 

of the fraction men eee The change of thickness of oil 
loa 

film with change of this fraction is shown in Fig. 3. The curve 

OCEF has film thickness for its ordinates and values of the frac- 


tion viscosity X _welocity for its abscissas. OA is one-half the clearance, 


or the mechanical limit to the oil film thickness. The dash line,HK lies 
at a distance BC above the base, and represents the heights of the rough- 
nesses of the surfaces of bearing and shaft. 

The course of events in lubrication during the starting up of machinery 
may be followed from Fig. 3. With velocity zero the fraction 


vassosity 2 —) is zero, and there is no oil film (point O, Fig. 3). 


As velocity increases the fraction oer, *. velocity) increases in 
oa 

proportion. The oil film builds slowly at first, and the bearing and shaft 

remain in partial metallic contact, with high friction. At some 


critical value of velocity the oil film becomes thicker than BC, - 


Fig. 3, and metallic contact ceases. Thence onward to higher values of 
(“scosty 2 velocity the friction of the bearing is entirely due to the 
oil. From C to E the oil film builds up rapidly; beyond E further change 
of the abscissas causes little increase of film thickness. Along CEF and 
beyond we are. dealing with what is often called “perfect” lubrication. 
The term should more properly be “complete” lubrication. Between O 
and C lubrication is “imperfect” or better “incomplete.” The formation 
of the oil film by viscosity and velocity action as described above is 
known as the “ Tower effect.” 

The fluid friction of a bearing is given by the equation above for 
viscous force, F = AVA = (area of oil film) (velocity of shaft sur- 
face) (viscosity of oil) + (thickness of oil film). The form of this 
equation which strictly applies is F = y vfs. since the thickness + 
of the oil film varies from one element dA of area to another, both 
because of roughnesses of surfaces and because the shaft is not concen- 
tric with the bearing. This equation, together with the relation shown in 
Fig. 3 governing thickness of oil film; gives the outline of the variations 


of fluid friction of bearings’ with changes of speed, load and viscosity. 
In the region from C to E, Fig. 3, thickness of oil film changes more 


rapidly than does the abscissa Putting this with 


F= nVA shows that while the oil film thickness is rapidly increasing 


the fluid friction is decreasing, the factor + dominating the function. 
Beyond E and F, Fig. 3, the oil film has a practically constant thickness, 


’ set by the clearance of the bearing. In this region, then, since x cannot 


vary, increase of velocity or viscosity will increase the friction; but 
decrease of load will not decrease or increase the friction, Fluid friction 
in the ordinary bearing is not independent of load because the beari 
is working in the region between C and F of Fig. 3, where change o 
load changes the film thickness. It is possible also that increase of | 
and hence pressure in the oil film, causes an increase. of viscosity o 
the oil; but such an effect remains yet to be demonstrated as of practical 


importance. The — of a bearitig due to pressure application comes © 


from squeezing the oil film down till metallic contact occurs. 
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Altes, 3h machine is under. way the friction causes the film and the 
beari warm up. This complicates the problem, because viscosity 
of oi rapidly as temperature increases, especially at 
lower temperatures. he decrease of viscosity decreases the fraction 


(viscosity X velocity), velocity and load being now constant, ‘and may 


affect the film thickness. The viscosity decrease may go so far as to 
change the film thickness from F to E to C, Fig. 3, allowing metallic 
contact and seizing of the bearing. If such seizing occurs repeatedly 
during the o > eal of a machine it indicates that an oil of hi vis- 
cosity is nee 

cessive friction in machinery may occur therefore from either too 
low or too high a viscosity of the oil. Too low viscosity means that 
the oil film is not maintained, Too high viscosity, while the oil film is 

“perfect,” gives excessive friction in the. oil itself. Anyone who has 
cranked an automobile engine in the winter time appreciates the possi- 
bility of having too much viscosity in the oil: Too low a viscosity, with 
seized bearings, wreck$ the machinery; too high a viscosity causes no 

to bearings, but is inefficient. The highest efficiency comes from 
going as near to seizing as we dare, while still playing safe. 

Because viscosity varies so rapidly with temperature, and the variation 
is at different rates in different-oils, we need in testing the oil for vis- 
cosity to find the viscosity as a function of. temperature. A knowledge 
of the viscosity value at one temperature is not sufficient. What we 
need most to know is the viscosity of the oil at the temperature. at which 


it must operate with the most severe running conditions of she ‘machine 
in which the oil is used. We must.be sure of paving enough viscosity 
to maintain the oil film under the extreme conditions of operation. Then 
we put up with the higher viscosities when the oil is colder. Usually the 
range of temperature through which the oil must lubricate is narrow 
enough so that we can have both enough naga at the high temperatures 
and not too much at the low temperatures extreme cases, as the 
operation of an automobile engine in the winter time, we cannot get 
enough viscosity left at high temperatures without getting excessive 
viscosities at starting of the cold engine. The range o ig Ae gyn he is 
too wide, considering the unavoidable and uncontrollably tapid change 
24 viscosity with temperature. The ideal would be an oil which did not 

change with temperature. 

It can readi shown that the fluid friction of a rough-surfaced 
bearing is erester Bla that of a smooth one, other things being the same. 


From F = nV. fF vwith m and V the same in the two cases, F varies 


as : Zh. _ Let the total area in each case be 2, and the average film 
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thickness be 2.. In the rough one let the two-halves of the film area have 


‘thickness of 1 and 3; in the smooth one 2 and 2. Then f 4A for the 


rough one will be (*/: + 3) = 1.33; and for the smooth one (%4 + %4) = 
1.00. It should be said, however, that in practice the smoother bearing 
would probably be made with less clearance than the rougher; and in 
turn the oil used in the smoother bearing would be of lower viscosity. 
The change in the automobile engine from hand-seraped bearings to 
reamed bearings will probably bring about these changes in succes- 
sion —“ The Sibley of Engineering.” 


THE TWO HUNDRED AND TWENTY HORSEPOWER RENAULT 
AERO ENGI NE. 


One’ of the most successful foreign aero engines of great power is the 
twelve-cylinder V-type Renault engine which is rated to develop 220 pers 
power at a normal engine speed of 1,200 revolutions per minute. 

the Renault Company of France was the first concern to produce a V-type 
aero engine, it is interesting to examine its latest product, which 
been designed with the particular object of driving the powerful “gun- 
planes” of the French Air Service. 

Like its immediate predecessor, the 100-horsepower model, the 220- 
horsepower .enginé*has twelve cylinders arranged in two rows of sixes 
so as to form an angle, or V, of 60 degrees. The cylinders, made of high- 
grade steel, are mounted separately on the base chamber, and are sur- 
rounded in pairs auto-geneously welded steel water jackets. In each 
pair of opposite cylinders it is arranged that one piston rod is connected 
directly to the crankpin, while the other is attached to a bearing on a 
prowess from the first. The is supported by four bearings 

ined with anti-friction metal, and its propeller end is provided with 
double thrust-ball bearings, so that either a tractor or a pusher air-screw 
may be mounted. 

The valves are of the overhead. type and have a very large diameter, 
which secures high volumetric efficiency. They are operated by individual 
rocker arms and by two overhead camshafts, one for each row of cyl- 
inders, which are driven through bevel gears from a vertical shaft and 
two inclined shafts at the anti-propeller end of the engine. Each cam- 
shaft is enclosed in an oiltight casing which is bolted to the cylinder leak. 
and a ventilating pipe is provided for each camshaft at the prpoeller end. 
The intake valves are on the outside and the exhaust valves on the inside 
of the cylinders, the exhaust.being led troup a silencer mounted on top 
of the engine. The cylinders have a bore of 125 mm. (4.92 inches) and 
a stroke of 150 mm. (5.90 inches). 

Lubrication is effected by a gear pump, located on the bottom of the 
sump, through forced and splash feed. The oil is first led in two 
flows to the crankshaft bearings and to the The ‘cylinders are 
lubricated by splash. Furthermore, the oil is driven to the magneto 
driving gears, to the vertical and inclined shafts driving the comanet’e, 
and finally into the camshaft casings. The wastage of oll is compensat 
by an auxiliary gear pump, mounted below the main pump; which draws 
the oil from the main tank. Both pumps are jointly operated through a 
worm drive by a horizontal shaft, which is driven by the crankshaft 
through’a vertical shaft with a bevel gear. 

There are two automatic carburetors, one mounted on. the: outer side 
of each row of cylinders, each carburetor feeding its individual ‘row, 
through a two-branch tubing, in two sets of three cylinders. The volume 
of mixture admitted into fe cylinders can be manually controlled by a 
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throttle valve. The mixture itself is slightly heated by a water jacket 
surrounding the carburetors and tubing, through which the water of 
the cooling system circulates. A proper mixture is automatically secured 
through a number of ports in the air chamber of the carburetor. These 
are fitted with annular valves whose movement is regulated by the greater 
or lesser force of the aspiration. BONS 


THE 220-H.P. RENAULT AERO ENGINE, TRANSVERSE SECTION 
: THROUGH CYLINDERS. | 
The cooling of the engine is secured, not as on previous models through 
an air blower, but through a centrifugal water pump which is driven 
through bevel gears from a vertical shaft actuated by the engine. The 
water jackets of each row of cylinders are inter-connected by short 
lengths of rubber hose and communicate with two separate radiators 
through conventional inlets and outlets. 
The ignition is double and is effected by four-high-tension magnetos, 
’ which are driven through bevel gears by the vertical shaft actuating the 
camshafts, Each cylinder is fitted with two spark plugs. The magnetos 


Ls 
: | = 


are mounted in two twin groups between the cylinder rows, each group 
MM’ being operated by a common gear. One magneto ignites the inner 
spark plugs of one cylinder row, while ‘the other magneto ignites the 
outer spark plugs of the opposite cylinder row. Should, therefore, one 
magneto of either group break down, ignition will still be fully provided 
by the other magneto group. 

The engine may be started either by spinning the propeller or by means 
of a starting crank combined with an auxiliary magneto or by a com- 
pressed-air engine. The latter follows closely the design of conventional 
aero engines of the radial, non-revolving type, except that it is entirely 
made of aluminum. The cylinders are cast integrally with the crank-case. 
The pistons are leather lined and their connecting rods are directly fixed 
to a single crank. ; 


LoncrruDINAL SECTION OF THE 200-H.P. RENAULT AERO ENGINE. 


The motor is fed from a cylinder containing sufficient compressed air 
for ten startings. The air reaches the cylinders by way of an air chamber 
through a rotating distributor which is geared to the crank and is fitted 
with six port holes communicating with the cylinders by means of 
radial channels cast en bloc. The rotation of the distributor effects the 
intake by connecting the port holes with the circular channels and the 
exhaust is led through the same channels back to the distributor, where- 
from another series of port holes lead to an annular chamber communi- 
cating with the atmosphere. In order to accelerate the exhaust two 
additional port holes are drilled on each cylinder at the lowest position 
of the piston stroke. : 

The servo-motor is connected with engine as follows: The crankshaft 
of the engine is coupled to a box fitted with three pawls which grip, by 
means of springs, a ratchet coupled to the crank of the servo-motor. 
When the latter is started, the pawls and ratchet are connected and the 
engine crankshaft will be spun till it acquires sufficient speed for it 
proper ignition. As soon as this is obtained the pilot stops the flow o 
compressed air and the pawls automatically disconnect themselves from 
the ratchet through centrifugal force. 
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» The engine can also be started ‘by means of a/’starting crank which 
is geared tothe crank of the compressed-air motor. Because in spinning 
the engine crankshaft by hand, the engine speed would be too low to 
produce sparks of the required intensity, a fifth magneto is provided 
which is geared to turn ten times: faster than the engine. This auxiliary 
magneto produces two sparks at a time, or about forty sparks for two 
complete’ revolutions of the engine. Its high-tension wire is connected 
with the distributors of the four main magnetos, but as the auxiliary 
magneto and the starting crank are coupled to the crank of the servo- 


motor, and therefore with the pawl-and-ratchet transmission, it will stop. 


produ sparks as soon as the engine has started. 
Ancotting to the well-known formula ; 
P D=D?’ 0.7854 S N, ' 


the cylinder capacity (total piston displacement) is 1,348 cubic inches.— 
“Aviation.” 
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UNITED STATES NAVAL VESSELS UNDER CONSTRUCTION. 


DEGREE OF COMPLETION. 


Vessel. 


iv 


Percentage 
hull 
completed 
Aug. 1, 1916. 


No, shafts. 


On 
*| ship. 


BATTLESHIPS; 


as 


VAIS SLI FTL IWS SL SSCS 


New Mexico, 


N 


Tdah0.. 
DESTR' 
ROWAN 
DAViS... 


CrAVER 
GWEN 


Maumee 

CUYAING 

TENDER: 

000000 

Supply 
TUGS : 


Wand 
Pocahontas... 

SUBMARINES 
G-2 


ewport News Co. 
New York S. Co..... 
Navy Yard, N. Y. 
Navy Yard, Mare Is]’d... 


Fore River S. Co.., 


Bath Iron 
ork 


Wm. Cramp & Sons.. : 
Wm. Cramp & Sons......| 
Bath Iron 


Navy Yard, N. 
Navy Yard, Mare Isl'd... 


Navy Yard, Phila...,..... 
Navy Yard, Boston........ 


Navy Yard, Charleston... 
Navy Yard, Norfolk....... 


Navy Yard, Charleston. | 


‘| Pars. trb. grd. cr.. 


Diesel 
Reciprocating..... 


Reciprocating .... 


Recip. oil fuel..... 
Recip. oil fuel..... 


G-3 


SChLEY 


Nel 


tenses] 


| Lake Co., Bridgeport..... 
Lake Co., 


O-5 


O10 


-13.. 


| Cal. S. 3 
| Cal. S. B. Co., L. B 


zer 


Boat Co, 

Bridgeport..... 
Lake Co., 
Lake Co. , Brid 


Diesel-New Lond) 
Diesel-Sulzer...... 
Diecel-Sulz 


jiesel. 


Diesel 


Diesel-S 


Diesel-Sulzer ...... 
Diesel-S ulzer 


Diesel.Sulzer 


Diesel-Sulzer 
Diesel 


Diese 


Elec. 
Elec. Boat Co., 


Dies 
Diese! 


Elec. Boat Co., 
Elec. Boat Co., 
Elec. Boat Co. 


| Diese’ 


Diese’ 


Diesel 


-| Diesel-Sulzer....... 


Diesel. 
Diesel-New Lond 
Diesel-New Lond 
Diecel. leer 
Diesel_Sulzer. 


Diesel-Sulzer ...... 
Diesel-Sulzer. 


ZET 


: 
Percentage 
machinery 
complet: 
No. Building yard. Engines. 1916. 
Toe July 1|Aug. 1|/Total 
Navy Yard, N. Pars. trb. grd. cr.. 2t | 92-54) 96.75) 95-4] 95-2 
ax | 42.27) 46.03 42.9 
at | $3.05 55-71| 62.3| 59.0 
} ar nee 
Curtis trb. grd. cr. 29.5 | 94-75] 97-34 3 3 
Pars, trb. grd. cr.. 30 93-22] 95.12 38:3 
Pars. trb. grd. cr.. 30 58} 92. 87.0 
Wm. Cramp & Sons.......| Pars. trb. grd. cr.. 29.5| 87.68 81.1 
ShAW,, Navy Yard, Mare Isi’d...| Pars. trb. grd.cr.. 29.5 | 62.14) 64.51) 43-9| 44. 
Caldwell Navy Yard, Mare Isi’d...| Curtis trb. gearing 32 
Navy Yard, Norfolk. .....| Pars. trb. gearing. 32 3.6) 
Seattle Con. & D. D. Co.| Pars. trb. gearing. 30 2. 2.47 $2 ove 
COMME? Pars. trb. grd. cr.. 30 6 7-4 3.0 
SCOCKLOM Pars. trb. grd. cr.. 30 6.73} 7 8.8) 30 
Pars. trb. gearing 32 15. 17.88} 16.3) 7.5 
FUEL SHIPS: 5 
| 39 86) 71-7) 73-3 
2|14 | 29.00) 29.92) 77.0) 75-5 
1 00] §5. 
| coe 73-00} 77-18] 
Navy Yard, N. 2114 | 9 
Elec. Boat Co. Quincy... 2|14 98.41 go go 
Bridgeport. 70) 88.75| 87.4| 86.5 
L-6 Lake, Long Beach, Cal., 14 81.51) 83.0; 80.1 
L-7 Lake, Long Beach, Cal...| 2 | 14 68.09} 82.4 | 79.7 
M=1 Elec, Boat Co., Quincy...) Lond} | 97.29] 98. 23 2:3 
Navy Yard, Portsmouth.| 2/14 | 30.73) 31-51) 8753) 86.35 
Elec, Boat Co., Quincy..; Diesel-New Lond} 2/14 | 97 45 97-45| 
Elec. Boat Co., Quincy..| Diesel-New Lond] 2/14 | 96 16| 96.20) 99.2/ 99.2 
| Elec. Boat Co., Quincy...| Diesel-New Lond) 2 | 20 | 19.20) 33-79 22.5 | 13-3 
| Elec. Boat Co., Seattle...| Diesel-New Lond) 2|13 | 73-84) 74-65] 60.7| 50.3 
Elec, Boat Co., Seattle...| Diesel.New Lond| 2 | 13 74 74.65| 60.4| 50.0 
Diesel-New Lond) | 57-77! 74.65) 60.3 4-9 
14.30} 15.10} 68.5 3-5 
2|13 | 14.30) 15.10) 66.1 2 
2/13 14.30) 15.10) 65.4 5 
2/13 | 14.30| 18.10) 65.3 lo 
Navy Yard, Portsmouth. 2\1%4 oe 1.00} ase 
uincy.. ew 2\1 2.27, 4.39) 12.4 
Lond} 2 2.37; 4.39) 12.4 6 
uincy..| Lond) 2 | 14 2.27) 4.39) 12.4 
wincy, l-New Lond) 2 | 14 2.27) 4.39) 12.4 6 
wincy..| Lond) 2 | 14 2.27) 4 6 
Elec, Boat Co., Quincy.. 2.27) 4.39] 11. 8 
Elec, Boat Co., Quincy.. 2\14 2.27; 4.39, 116) 6.8 
Elec, Boat Co., Quincy.. 2\%%4 2.27) 4-39 11.6} 68 | 
Lake Co,, Bridgeport..... 3-63} 28.2} 22.6 
Lake Co., Bridgeport..... 2 | 34 3-63) pone | 
Lake Co., 2\14 3. 3-63 | 20, 
Cal. S. B. Co., L. B....... 2\%4 3-32} 3.69} 176! 9.9 


BOOK REVIEW. 


THE MARINE STEAM TURBINE, By J. W. M. SOTHERN. 
Fourth Edition. D. VAN Nostranp Co., 25 Park Place, 
New York City. (Price $6.00 net.) Gives accurate details 
of many of the essential parts of marine steam turbines, to- 
gether with notes on the operation of these prime movers, 
based upon actual experience at sea. Contains a detailed 
and simple description of the various uses of the temperature 


entropy diagram. Comprises 545 pages of text and 116 illus- 
trations. 
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ASSOCIATION NOTES. 


The following members and associates have joined the 
Society since the publication of the last JouRNAL: 


MEMBERS. 

Bunnell, Gilbert F., Ensign, U. S. Navy. 

Carpenter, Donald M., Ensign, U. S. Navy. 

Earle, Norman P., Susien: U. S. Navy. 

Emmet, William L. T., General Electric Co., Schenectady, 
N. Y. 

Fiske, Leon S., Ensign, U. S. Navy. 

Gartley, Alonzo, care of C. Brewer & Co., Ltd, Honolulu, T. H. 

Gates, Nelson N., Ensign, U. S. Navy. 

Hoffman, J. Ogden, Lieutenant, U. S. Navy. 

Low, Francis S., Ensign, U. S. Navy. 

Miles, Arthur C., Ensign, U. S. Navy. 

Peirce, Horatio J., Lieutenant, U. S. Navy. 

Powers, Melville W., Ensign, U. S. Navy. 

Safford, Laurance F., Ensign, U. S. Navy. 

Townsend, Lloyd W., Lieutenant, U. S. Navy. 

Wynne, Walter M., Ensign, U. S. Navy. 


ASSOCIATES. 


Billington, George W., Lieutenant, Ohio, N. M., Suite 84, 
W. 102d Place, Cleveland Ohio. 
Brainard, Ernst A., Ensign, Cal. N. M., care of Donohoe- 
Kelly Beaking Co., 68 Sutter St., ‘si Francisco, Calif. 
Clark, W. Charles M., Lieuteiuint, Ohio: N. M., 358 Rocke- 
feller Building, Cleveland, Ohio. 
’ Doggett, Prof. Leonard A., Post Graduate Dept., Naval Acad- 
emy, Annapolis, Md. 
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ASSOCIATION 


_ Finken, Charles E., Lieutenant, N. y. N. M., 1 86th St., 

Brooklyn, N. Y. 

- Graham, George B., Box 336, Key West, Fla. 

Hankison, Otto L., Lieutenant, Ohio N. M., Suite 223, Ohio 
Building, Toledo, Ohio. 

Hugo, Nicholas F., Lieutenant. Commander, Minn. N. M., 
2407 E. 3d St., Duluth, Minn. | 

Melvin, George H., Lieutenant, Tl. R., 4156, Berkely 
Avenue, Chicago: Til. 

Nicklett, Anthony, Commander, Ohio N. M., U. S. S. ead 
Toledo, Ohio. | 

Oakes, James A.. , Lieutenant, La. M., 228 8. Cortez St, 
New Orleans; 

Sykes, Wilfred, Box 242, East Liberty, Pittsburgh, Pa, 
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DAVIDSON 
STEAM PUMPS 


FOR ALL SITUATIONS, 
CONDENSERS, 
EVAPORATING 


and 
DISTILLING 


APPARATUS. 


U.S. S. “ Connecticut”, 
‘« Washington”, 
“St. Louis”, 

Denver”, 

“ Chattanooga”, 

Bancroft”, 

Baltimore”, 

Cleveland”, 

“Galveston”, 

“Tris’’, 

** Rainbow”, 

Arkansas”, 

“ Bagley”, 

“Dale”, 

* Rodgers”, 

Stewart”, 

“Worden”, 

Winslow”, 

Gloucester”, 
&c., &c., 


DAVIDSON COMPANY New york. 
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ADVERTISEMENTS. 


NEWPORT NEWS SHIPBUILDING 


AND DRY DOCK COMPANY. 
works AT NEWPORT NEWS, VA., ON_HAMPTON ROADS. 


EQUIPPED WITH 


THREE LARGE BASIN DRY DOCKS 


OF THE FOLLOWING DIMENSIONS: 


DOCK No.1. DOCK No. 2. 
Length on top, ies hatte 610 feet 827 feet 
Width on top, 130 162 
Width on bottom 50 
Draught of over sill, 30 “* 


Shops are Equipped with Modern Machinery Capable of Doing 
the Largest Work Required in Ship Construction. 


TOOLS DRIVEN BY ELECTRICITY AND COMPRESSED AIR USED IN 
CONSTRUCTING AND REPAIRING VESSELS. 
For further particulars address 
H. L. FERGUSON, Pres., Newport News Shipbuilding and Dry Dock Company 
NEWPORT NEWS, VA. 


WELDED STEEL STEAM 
and WATER DRUMS 


for WATER-TUBE BOILERS. 


Embodying Strength with Lightness and freedom from LEAKAGES Incident to 
Riveted 


SUSPENSION 
FURNACES. 


rox 
CORRUGATED 
FURNACES. 


= Welded Steel 
Tank Receiver, etc. 


The CONTINENTAL IRON WORKS, 


West and Calyer Sts, BOROUGH OF BROOKLYN, N. Y., 


Greenpoint Ferry from East 23d Street, New York. 


| 587 feet 
| 62' 
| 
| 
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358 


in Naval 


How Terry Turbines are used 


Practice 


In Naval Service the Terry Turbine has been found 
particularly applicable for driving 


Vertical Destroyer Blowers 


Horizontal Battleship Blowers 


Generators 


The principal reasons why The 
Terry has proved so successful for 
these applications are: (1) its sim- 
ple, trouble-proof construction, which 
gives it the reliability so necessary 
in marine installations; (2) its ac- 
cessibility, provided for by the split 
case, which permits easy access to 
the interior of the turbine without 
disturbing the alignment or steam 
connections; (3) its small size, made 
possible by the use of a single wheel ; 


Circulating Pumps 
Ash Ejector Pumps 
Boiler Feed Pumps 


(4) its comparatively low speed, 
which permits direct connection to 
the driven unit; (5) its high effi- 
ciency, secured by passing the steam 
a number of times through a single 
row of wheel buckets. 

These are the reasons why 150 
Terrys are installed on U. S. Des- 
troyers, about as many more in 
battleships and other ships of the 
U. S. Navy, besides a considerable 
number in five foreign navies, 


The Terry Steam Turbine Co. 


Condenser Circulating Pump 


Hartford, Connecticut 


for U. S. S. ‘‘Arkansas’’ 


Capacity, 21,000 Gallons per Minute. Driven by 400-H.P. Terry Turbine 
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AUXILIARY MACHINERY 


WITH AN ENVIABLE REPUTATION 


STEERERS, HOISTERS, WINCHES 
CAPSTANS AND WINDLASSES 
HAND, STEAM AND ELECTRIC 


AMERICAN ENGINEERING COMPANY 


PHILADELPHIA, PA. 
MACHINISTS AND FOUNDERS 


Successor to American Ship Windlass Co. and Williamson Bros. Co. 


15-31 


MARYLAND STEEL CO. 


MARINE DEPARTMENT, 


SHIPBUILDERS AND ENGINEERS, 


SPARROW’S POINT, MD. 


Long Distance Telephone Service by Private Wire between New York, 
Philadelphia, Boston and Sparrow’s Point Offices. 


New York Office, 71 Broadway. Boston Office, 70 Kilby Street. 
Philadelphia Office, 312-319 Girard Building. 
Chicago Office, Western Union Building. 
San Francisco Office, 1505 Chronicle Building. 


A DVERTISEM ENTS. 


THE BERWIN D-WHITE 


COAL MINING CO. 


PROPRIETORS, MINERS AND SHIPPERS OF 


Berwind’s Eureka 
Berwind’s New River ana 
Berwind’s Pocahontas 


SMOKELESS 


STEAM COALS 


Also Ocean Westmoreland Gas Coal 
OFFICES 


New York . No.1, Broadway 
Philadelphia Commercial Trust Building 
Boston . . Staples Coal Co., Agts., No. 40 Central St. 
Baltimore . Keyser Building 
Chicago . . Peoples’ Gas Building 
SHIPPING WHARVES 


Eureka Pier, Harsimus 
New York. Street, Jersey City 
Philadelphia . . . Greenwich Point 
Baltimore . . . Canton Piers 
Virginia . . . . Newport News and Norfolk 
Minnesota. . . . Duluth 
Wisconsin. . . . Superior . 


EUROPEAN AGENTS 


Cory Brothers & Co., Ltd., No. 3 Fenchurch Avenue 
LONDON, E. C. 


ADVERTISEMENTS. 


Products of the G. E. Co. 


MADE ESPECIALLY FOR 
MARINE SERVICE 


Gasolene-Electric Gen- Meters and Instruments 
erating Sets Switchboards 
Steam Engine Genera- Wire and Cable 
tors Wiring Devices 
Turbo-Generators Telltale Boards 
Motors Electric Bake Ovens and 
Mazda Lamps Ranges 
Arc Lamps Electric Radiators, Tub- 
Searchlights, Incandes- ular and Luminous 
cent and Arc 


General Electric Company 


Largest Electrical Manufacturer in the World 


General Office, Schenectady, N. Y. 


DISTRICT OFFICES IN: 
Atlanta, Ga. 


ton 
Cincinnati, Ohio 
New York, N. Y. 
San Francisco, Cal. 


Sales Offices in all 
large cities 


4187 
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CHOOSE YOUR CLAMPS TO FIT YOUR WORK. 


Capacities 0-124”. 


Wiliams “VULCAN” and “AGRIPPA” Camps. 


afford abundant variety for all work. 


Service Clamps, rs’ Clamps. Strap Clamp 


Maximum toughness, strength and rigidity with minimum 
weight are procured only by our specialized heat treatment, 
drop-forged refinement and most approved design. 

The first two inimitable! The last endorsed by imitation, 
the sincerest form of flattery. 


J.H.WILLIAMS & CO, 
12 Strest BROOKLYN, CTY 
The Wrench People 


Western Office and Warehouse: 40 So. Clinton St., Chicago, Ill. 


ADVERTISEMENTS. 


IN THE LATEST IMPROVED PATENT 


NICLAUSSE 


WATER-TUBE BOILER 


Tnerastation is Impossible in the Tubes Exposed to Radiant Heat 


These tubes being fed only with water previously automatically 
softened and heated at a high temperature. 


View of 27,000 H.P. Niclausse Boiler Plant fitted with Niclausse Automatic Stokers. 


NICLAUSSE 
AUTOMATIC STOKERS 


burn the LOWEST grades of fuel and give the 
HIGHEST economical results WITHOUT SMOKE. 


Works and Head Office: 24 RUE DES ARDENNES, PARIS (XIX¢. Arr). 
Telegraphic Address: GENERATEUR-PARIS Code Used: ABC, Sth Edition 
Licensees for Great Britain § The British Niclausse Boiler Co., Ltd. 
and its Colonies Caxton House, Westminster, s. bobs 
Telephone, 4086 Victoria Telegrams, Britniclos, London 


ae we 


xxiv 
AND 
pisT’ 
have 
4 
gear 
LON 
pes 
3 3 
ordi 
M fore 
1 PRE: 
L L 
‘fils 
| 
6 muc 
N N we 
qui 
test 
H.P. H.P. 00 
REC 
N N toe 
are 
U U my 
Ss Ss 
E E 


THE 


LOVEKIN ASSISTANT CYLINDERS FOR VALVE GEARS. 


The Lovekin Assistant Cylinders are designed for balancing the forces due to BOTH THE INERTIA 
AND WEIGHT OF THE VALVE GEAR. They are, therefore, of great value to engines FITTED WITH EITHER 
PISTON OR PLAT SLIDE VALVES. 

Several of the United States Naval Vessels in commission and all those now under construction 
have their —- fitted with LOVEKIN PATENT ASSISTANT CYLINDERS TO ALL OF THEIR 
VALVE GEAR 

The following Shipbuilding and Engineering Companies have fitted LOVEKIN ASSISTANT 
CYLINDERS to valve gears on engines built by them: 

New York Shipbuilding Co Camden, N. J. 
Newport News Shipbuilding Co Newport News, Va. 
Wm. Cramp & Sons Shipbuilding Co. Philadelphia, Pa, 
Fore River Shipbuilding Co .Quincy, Mass, 
American Shipbuilding Co Cleveland, Ohio. 
Vulcan Works Stettin, Germany, 
Kawasaki Dockyard Co Kobe, Japan. 
Societa -Milan, Italy. 

N’'Odero Co... Genoa, Italy. 


Many of these vessels have 1 run over 250,000 miles without requiring any overhauling of the valve 
gear. These Assistant Cylinders prevent excessive wear on the eccentric straps or any parts of the valve 
gear AND THEREFORE ENABLE THE VALVE GEAR TO BE KEPT IN CORRECT ADJUSTMENT FOR VERY 
LONG a SO THAT THE STEAM DISTRIBUTION THROUGH THE VALVES AND PORTS REMAIN AS 


it sm ‘surprising to see the great consideration that is given the flat slide valve frequently used on 
L.P. Cylinders, few engineers forget to state that ‘balance cylinders will be used for the LP. Valve 
Gears.’ How many engineers or designers have taken the trouble to find out what a poor device the 
ordinary balance cylinder is? Itcan only hold the weight of the valve gear up at one particular receiver 
pressure. The inertia force which is ever present and varying with the speed of the engine is always the 
force that causes the trouble and requires a continual expense for upkeep. THESE INERTIA FORCES ARE 
PRESENT TO THE SAME EXTENT IN ALL VALVE GEARS IF THEY ARE OF THE SAME WEIGHT, therefore, 
why specify the I,.P. Valve Gears to be balanced and let the H.P. and I.P. Valve Gears go unbalanced 
when all valve gears can be balanced so easily by the LOVEKIN ASSISTANT CYLINDER. 

THE LOVEKIN ASSISTANT CYLINDER performs the work of neutralizing the forces set up in 
the valve gear, DUE TO BOTH THE INERTIA AND WEIGHT of the same, and, therefore, SAVE POWER, SAVE 
WEAR AND TEAR, SAVE OIL, SAVE REPAIR BILLS AND KEEP THE VALVE SETTING CORRECT FOR 
MUCH LONGER PERIODS THAN {S POSSIBLE WITHOUT THEM. 

The valve gear can be designed much lighter. 

Balancing the inertia and gravity forces in the valve gears enables the main engine to be balanced 
toa far greater extent than is possible where the valve gear forces are not balanced. This was proven 
quite recently in the case of some high-speed destroyers in the United States Navy, where comparative 
tests were made with and without LOVEKIN INERTIA CYLINDERS. 

NOTE.—NO FORM OF PISTON VALVE OR ORDINARY BALANCE CYLINDER CAN BE DESIGNED TO 
DO MORE THAN CARRY THE WEIGHT OF THE VALVE GEAR AT ONE CONSTANT PRESSURE IN THE 
RECEIVER. THEREFORE THE GREATEST FORCE, OR THAT DUE TO THE INERTIA OF THE VALVE GEAR, 
iS NEGLECTED. 

Where flat slide valves are used it is omar | to provide a relief frame at the back of the valve so as 
toeliminate friction. I have about one thousand of these Cylinders in use at the present time, all of which 
are giving the greatest ible satisfaction to the owners. 

A Crd you to the following owners and builders, some of whom have had years of experience with 

my Cylinders: 
American-Hawaiian Steamship Company, Pye! York City, N. Y... + Engines, 3,600 I. 
United States Navy Department, Washi n, D.C (20 E 
Pacific Mail Steamship Company, Gallons. 
Pacific Coast Steamship Company, Seattle, Washington. 
Merchants & Miners Transportation Co., Baltimore, Md. .(3 Engines, 9, 
Gulf Refining Company, New York City, N. 4 Engines, 12, 
Texas Oil Company, New York City, N. Y. (2 Engines, 5 
Standard Oil Company, New York City, N. Y (4 Engines, 7 
Old Dominion Steamship Co., New York City, N. Y... ....(1 Engine, 1 
Coastwise Transportation Co,, Boston, Mass. 
Mallory line Steamship Co., New York City, N. Y.... 
American Shipbuilding Co., Cleveland, Ohio. 
Kawasaki Dockyard Co., Kobe, Japan 
N. Odero Company, Genoa, Italy 
Vulcan Works, Stettin. Germany (2 Engines, 5, 
United States Revenue Service, Wasklnaion, D.C 2 Engines, 3 
Chesapeake Bay Line Steamer Co/umd1a. ‘(1 Engine, 
Miscellaneous Small Engines (14 Engines, 15,000 
TOTAL LH.P. IN USE 376,800. 


Many of the above engines have been in use for periods of from five to ten years, and I bog numer- 
ous letters from the owners testifying to the great advantages of my patent Assistant Cylinders. 


. LOVE CAMDEN, N. J., June 28, 1913. 
Chief En Engineer, New York Shipbuilding Co., Camden, N. J. 
Sir: 


I have been Chief Engineer of the S. S. Governor for the past 6 years, and your Assistant Cylin- 
ders were installed on her. I found them to bea very good thing for the eccentrics, for after running 6 
years the low-pressure straps had only worn wt of an inch, and the H.P. and M.P. the thickness of a tin 

m. The engines are twin screw 5,000 I.H.P. 

We ran about 370,000 miles and averaged. 22 landings a month. We only had water on an eccentric 
Once in that time, and that was when the steam pipe to the low-pressure Assistant Cylinder broke, and 
while we were repairing it we had to run water on it as it would not run with oil. 

The only repairs we had to make to the cylinders was to put in new snap tings once a year, and I 

recommend as a great saving on the valve gear and the eccentric ethos. 
Yours truly, B. K. MARTLAND, 
Chief-Engineer, S. S. Congre 
Pacific Coast Co, 
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ONE HUNDRED TON 
ONE HATCH 
ONE HOUR 


GERWOO. 


NICKEL 


Shot—High and low carbon. Ingots—Two sizes, 25 lbs., 
50 lbs. ELECTROLYTIC NICKEL, 99.80 per cent. 
Prime Metals for the Manufacture of Nickel Steel, German 


Silver, Anodes and all remelting purposes. Our Nickel is 
produced as Rods, Sheets, Strip Stock, Wire and Tubes 


ONE e We are SOLE PRODUCERS of this natural 


stronger-than-steel, non-corrodible alloy 


Mer. AY Manufactured forms are Rods, Flats, Cast- 


ings, Tubes, Sheets, Strip Stock and Wire 


Send inquiries direct to us 


Tue INTERNATIONAL NickeL Company 
43 Exchange Place, New York City 
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THE 


POSITIVE PATENT LIFTING CLAMP 


IN USE AT. 


U. S. War 
Department 
Sandy Hook 

Proving Ground 
U. S. Navy Yards 
Portsmouth 
Boston 

Philadelphia 
Mare Island 
Naval Station 
Pearl Harbor 

Hawaii 
U. S. Naval 
Proving Ground 
Panama Canal 
and Leading 
Industrial 
Establishments 
Throughout 
the World 


British Admiralty 
Yards 
Chatham 
Portsmouth 
Sheerness 
Pembroke 
West India Docks 
Royal Ordnance 
Factory 
Woolwich 
New South Wales 
Government 
French Admiralty 
Royal Arsenal 
Venezia 
Government 
Ship Yard 
Sorel, Quebec 
Canada 


From 1 [2 to 100 Tons Capacity 
TYPE 


A Clamp with a POSITIVE GRIP 
The Heavier the Load, THE FIRMER THE GRIP 


WILLIAM E. VOLZ, M. E. 
Sole Manufacturer for the U. S. 
SALES AGENT 


 WELDLESS CHAINS, LIMITED 
The Strongest Chain in the World 


Write for Catalogue 


126 Liberty Street New York 
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COOK’S STANDARD DOUBLE METALLIC PACKING 


ESPECIALLY DESIGNED FOR MARINE SERVICE 


Extensively used in the United States Navy, United States Quartermaster 
Department, and by all prominent shipbuilders throughout the country. High- 
est satisfaction guaranteed 

Write for particulars to 


C. LEE COOK MFG. CO. 


LOUISVILLE, KY., U. S. A. 


WESTINGHOUSE MOTORS 


are being used successfully in 

ship yards, dry docks, and on 

ships of all kinds for all pur- 

poses. Westinghouse D, C. Motor 
Our line of electrical apparatus is complete. 
Full information can be secured at our near- 

est office. 


WESTINGHOUSE ELECTRIC & MFG. CO, 


Sales Offices in all large East Pittsburgh 
American Cities Pennsylvania 


SELF-ACTING METAL PACKING 


For PISTON noms. VALVE STEMS, etc., of every description, 
for Steam Engines, Pumps, Fee etc, 

Adopted and in use Fs A principal Tron Works and Steamship 
Companies, within the last om ve years, in this and forei connnien, 

FLEXIBLE TUBULAR METALLIC PACKING, for slip-joints 
on Steam Sone and for Hydraulic Pressure; also METAL L GASKETS 
for all kinds of ‘flanges and joints 

Batancep WarsrticutT Doors for 
Steamers. Also Agents for the McColl-Cumming Patent 
Rupper Brake. 

For full particulars and reference, address, 


L. KATZENSTEIN & CO., 
General Machinists, Brass Finishers, Engineers’ Supplies, 
357 West Street, New York. 
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WARREN, MASS. 


PUMPS AND CONDENSING APPARATUS 


MARINE INSTALLATIONS 


NEW YORK OFFICE: 
95 LIBERTY STREET, NEW YORK CITY 


PATENT SECTIONAL 
WATER-TUBE BOILER. 
Tie ECONOMICALeae 

PRODUCTION oF STEAM 


@eiN ANY SERVICE. 


WHEN LIGHT WEIGHT, 
SMALL SPACE, 
DURABILITY, 
ECONOMY, 


ACCESSIBILITY, 
HIGH PRESSURE, 
SAFETY, 
ARE CONSIDERED, 
OUTCLASSES ALL OTHERS. 


OPERATES NICELY IN BATTERIES. 
= AUTOMATIC FEED REGULATION. 
MARINE—STATIONARY. 


OVER 250 ALMY 


WATER-TUBE BOILER C0., 


SEND FOR CATALOGUE PROVIDENCE, R. I. 


( 
4 
FOR 
pet 
4 


ADVERTISEMENTS. xxxi 


SEATTLE CONSTRUCTION & DRY DOCK COMPANY 
Seattle, Washington 
SHIPBUILDERS——ENGINEERS——BOILERMAKERS 
FOUNDERS——-LUMBER MANUFACTURERS 


LARGEST FLOATING DRY DOCK EQUIPMENT ON THE 
PACIFIC COAST 


COMPLETELY EQUIPPED PLANT FOR QUICK REPAIRS 
Cable Address: Threedocks’’ 


FUEL OIL SYSTEMS | 


The Valve that makes the use of Fuel 

Oil as safe as coal. A Perpetual 

Fire Life and Accident Insurance 
SEND FOR BULLETIN AND REFERENCES 


ON APPROVED LiST ISSUED BY UNDERWRITERS’ LABORATORIES, AND USED BY 
UNITED STATES NAVY AND MERCHANT MARINE 


LALOR FUEL OIL SYSTEM Co., 
527-529 Colvin St., Baltimore, Md. 


METALLIC PACKING for the piston rods and valve 
stems of main and auxiliary engines, saturated or su 

perheated steam. Entirely flexible, therefore no possibility 

of heating rods. In use on many ships in the Navy. 


THE UNITED STATES 
METALLIC PACKING CO. 
PHILADELPHIA.PA..U.S.A: 
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BETHLEHEM STEEL Co. 


SOUTH BETHLEHEM, PA. 25 Victoria Street, LONDON 


and 
mounts | Rails 


Armor 4 Pad 


9.2 Coast Defense Gun with Sub-calibre Equipment, on Barbette Mount. 


We are continuously manufacturing ORDNANCE 
MATERIAL for the U. S. Army, U. S. Navy 
and Foreign Governments 


KROESCHELL 


CARBONIC ANHYDRIDE SYSTEM 

| REFRIGERATION & ICE MAKING 

SPECIALLY DESIGNED 


FOR 
if NAVAL - MERCHANT MARINE 


CARBONIC ANHYDRIDE (CO .) 
SAFE — ECONOMICAL — EFFICIENT 


U. S. BATTLESHIPS | 
*NEW YORK’’—+: PENNSYLVANIA” 
are recent installations 


CATALOG AND INFORMATION ON REQUEST 


KROESCHELL BROS. ICE MACH. CO. 


Main Office and Works: 470 W. Erie St., Chicago 
Eastern Office: 30 Church St., New York 
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CUTLER-HAMMER 


MARINE ELECTRICAL EQUIPMENTS 


FOR 


NAVAL AND MERCHANT VESSELS 


The U. S. Navy has adopted electric drive for most 
of the auxiliaries on its war vessels, and particular 
mention may be made of the steering gear, anchor 
windlass, and deck gear, such as winches, capstans, 
cranes, etc. 

Recent developments indicate a similar tendency 
in the merchant service, especially where the use of 
Diesel engines reduce the boiler plant to a negligible 
quantity. 

Our experiences in the develop- 
ment of Naval apparatus will be 
useful to you in the application 
of electric drive on merchant ves- 
sels, 


Plans, Specifications and Service 
can be obtained promptly from 


THE CUTLER-HAMMER MF6. CO. 
MILWAUKEE, WIS. 


Electric Steerin New York Offices Automatic Truck 
Gear Controller Hudson Terminal 50 Church St, Screened 
Speed Light 
Controller 
Submarine Main 
Motor Controller 


STANDARD WATER SYSTEMS C0. 


ENGINEERS AND MANUFACTURERS 
‘“STANDARD”? MULTICOIL 


FEED-WATER HEATERS 
EVAPORATORS 
DISTILLERS 

OIL HEATERS AND COOLERS . 


MAIN OFFICE AND WORKS SALES OFFICE 
HAMPTON R, R. ROW & H, C, DAVIS 
N, J. 90 WEST ST., NEW YORK 


ADVERTISEMENTS. 


The Slogan of the Cameron—‘‘Character: The Grandest Thing’? 


CAMERON CENTRIFUGAL PUMPS 


are now in satisfactory service on the following U. S. Naval Vessels: 


“ CONNECTICUT”’ ‘*TENNESSEE”’ 
** MINNESOTA”’ ‘*ARIZONA”’ 


In addition to the above the super-dreadna ht “New Mexico” will have three 
ga Turbine Driven “ Centrifugal Pumps, as shown below, for boiler 


The service is particularly severe, as it requires continuous operation at 450 
pounds pressure, with a great range in capacity and with high efficiency. 


Cameron are built for all classes 
of service. Full information on request. 


A. S. CAMERON STEAM PUMP WORKS 


11 BROADWAY, NEW YORK Offices the World Over 
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ADVERTISEMENTS. 


PROPELLER DESIGN 


DYSON METHOD DYSON SUPERVISION 
BEST IN THE WORLD 


Write for our booklet 


AMERICAN SCREW PROPELLER COMPANY 


1520 SANSOM STREET PHILADELPHIA 


CONSULTING ENGINEERS 
CAPTAIN C. W. DYSON LUTHER D. LOVEKIN, M. E. 


OODS of known quality backed by a known reputation are unquestion- 
For over half a century the name 
Johns-Manville has stood as a guarantee for marine products of proven 
excellence. 


Let the nearest Johns-Manville Branch send you full list of 
J-M Marine Products for your file 


P 
Solution, Enamel and Cement 


H. W. JOHNS-MANVILLE CO. 


Executive Offices, 296 Madison Avenue, New York 
Boston New York St. Louts 

The Canadian H. W. Johns-Manville Co., Ltd., Toronto, Ont. 


SWASEY, RAYMOND AND PAGE, Inc. 


DESIGNERS OF MOTOR BOATS 
AND STEAM YACHTS .. . 


100 BOYLSTON STREET - = BOSTON, MASS. 


| ren-Singrun Ketrigerating Mac 
e Navy Brand Fire Felt 
0 and Asbestos 


ADVERTISEMENTS. 


‘Tris boat is designed for pleasure, but with special reference: 
to its availability for Coastal Defense work in time of war. 
Powered with two “Twin-Six” Van Blerks, 450 H.P. zach, 
40 M.P.H. Because of their dependability and efficiency, 
Van Blercks are installed in practically all boats of this type. 


VAN BLERCK MOTOR COMPANY 
Washington, D. C. 


€ SCHUEREN 
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ADVERTISEMENTS. 


SUBMARINE BOATS 


HOLLAND TYPE 


THE MAJORITY OF SUBMARINES 
IN THE WORLD 
ARE OF THE HOLLAND TYPE. 


THE FIRST SUBMARINES IN THE UNITED STATES 
TO USE AND DEVELOP THE HEAVY OIL ENGINE. 


SUPERIORITY OF TYPE ATTESTED 
BY FINDINGS OF U. S. NAVY BOARD 
AFTER EXTENSIVE OPEN COMPETITIVE TESTS. 


BELLIGERENT OPERATIONS 
CONFIRM THE RESULTS 
OF PEACEFUL COMPETITIONS. 


ELECTRIC BOAT CO. 


11 Pine Street, New York City. 
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ADVERTISEMENTS. Xxxix 


FRANCE METALLIC PACKING 


FOR ALL CLASSES OF 
MARINE SERVICE. 
Send for Catalog 


FRANCE PACKING COMPANY 
TACONY—PHILADELPHIA, PA, 


terlin 


ENGINE*REFIN 


Sinest beats hat 


Model F, 53’ x 110-145 H.P. 


MAY WE SEND YOU PARTICULARS ? 


STERLING ENGINE COMPANY 
1276 NIAGARA ST. BUFFALO, N. Y. 


| 


EUMERCATOR 


Indicates depth and volume or weight pr = 
contents of fuel oil, fresh water, ballast 
tanks or bilges. 


Approved by United States and Argentine | 
Navies. HE} 


Installed on U.S. S. “New York,” “ Okla- 
homa,”’ Pennsylvania,” “Arizona,” etc. 


E. U. A. “Rivadavia.” 


Indicates forward and 
aft drafts. 


Registers mean draft 
and corresponding 
tons displaced. 


Shows trim, checks 
invoices and deliv- 
eries, weighs cargoes 


and bunkers. 


PNEUMERCATOR COMPANY - - NEW YORK 
PNEUMERCATORS, F. S. DUDGEON, LTD. = LONDON 
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ADVERTISEMENTS. 


McINTOSH & SEYMOUR 


Diesel Type Oil Engines 


SUBMARINE WORK 


500 B.H.P. Type 6-S-27 Submarine Engine 


A GREAT MANY ENGINES 
OF THIS TYPE 
IN SUCCESSFUL OPERATION IN VARIOUS 
NAVIES OF THE WORLD 


AMERICAN MATERIALS AND WORKMANSHIP 
COMBINED WITH THE SWEDISH EXPERIENCE 
OF THE LAST FIFTEEN YEARS 
MAKE THIS ENGINE POSSIBLE FOR THE 
UNITED STATES NAVY 


ALSO SLOW SPEED MARINE ENGINES AVAILABLE 
IN SIZES FROM 500 TO 1500 B.H.P. 


MCINTOSH & SEYMOUR CORPORATION 


Diesel Type Oil Engines 
AUBURN, N. Y. 
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xlii ADVERTISEMENTS. 


SUBMARINE BOATS 


EVEN KEEL TYPE 


THE LAKE TORPEDO-BOAT COMPANY 


BRIDGEPORT, CONNECTICUT, U. S. A. 


Managing Director, R. H. M. ROBINSON, 
Late Naval Constructor, U. S. Navy. 


TOBIN BRONZE 


ADE-MARK N U. S. PATENT OFFICE.” 
NON-CORROSIVE IN SEA WATER. - Readily Forged at Cherry Red Heat, 


Round, Square and Hexagon Rods for Studs, Bolts, Nuts, etc., Pump Piston Rods, Yacht 
Shafting, Rolled Sheets and Plates for Pump Linings, Condensers, Rudders, Center 
Boards, etc. Hull Plates for Yachts and Launches, Powder Press Plates, Boiler and Con- 
denser Tubes. For tensile, torsional and crushing tests see descriptive pamphlet furnished 


on application. 
SOLE MANUFACTURERS 


THE AMERICAN BRASS COMPANY 


ANSONIA BRASS & COPPER BRANCH 


ANSONIA, CONN. 
Also Manufacturers af Copper and Brass Sheets, Rods, Tubes and Wire, Etc., Ete, Pees 


BOLINDERS 
OIL 
ENGINES 


STATIONARY AND MARINE 


MADE IN SIZES RANGING FROM 3 TO 600 
B.H.P, PER UNIT. 12,000 ENGINES NOW IN USE, 
REPRESENTING 350,000 B.H.P. FOR PARTIC- 
ULARS AND RECORDS, APPLY DIRECT TO 
HEADQUARTERS 


a»BOLINDERS CoO. 
30 CHURCH ST. NEW YORK 


REDUCING VALVES 


AND OTHER 
PRESSURE REGULATORS 


answer every requirement for Marine Service where 
the accurate and automatic control of Steam, Air and 
‘Water Pressure is required. 


MASON REGULATOR CO. 
BOSTON, MASS, 
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ADVERTISEMENTS. xliii 


LOW PRESSURE REFRIGERATING MACHINES 


(Ethyl Chloride) 


ELECTRIC, STEAM OR GAS ENGINE DRIVEN 


ESPECIALLY DESIGNED FOR MARINE SERVICE 


Clean, Compact, Reliable, Silent 
Relatively Light in Weight . . 


THE CLOTHEL COMPANY 


61 Broadway 
NEW YORK CITY, N. Y. 


Write for Catalogue 
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xliv ADVERTISEMENTS. 


BATH IRON WORKS, LTD. 


BATH, MAINE. 


BUILDERS OF DESTROYERS, FAST YACHTS AND PASSENGER STEAMERS. 
NORMAND WATER TUBE BOILERS. PARSONS MARINE STEAM TURBINES. 


FOURTEEN DESTROYERS BUILT OR BUILDING FOR THE UNITED STATES 
NAVY, ALL HAVING SPEEDS OVER THIRTY KNOTS. 


R. BERESFORD 


JOB PRINTER 


AND 


BOOKBINDER 


605 F STREET, NORTHWEST 
CITY OF WASHINGTON 
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ADVERTISEMENTS. xlv 


SPARES MANGANESE BRONZE 


Tests, 75,000 Ibs. T.S., 25 per cent. elongation in castings 
80,000 Ibs. T.S., 25 per cent. elongation in forgings 


TENSILITE 


Tests, 105,000 lbs. T.S., 18 per cent. elongation in castings 
120,000 Ibs. T.S., 20 per cent. elongation in forgings 


CASTINGS, FORGINGS, INGOTS, SHEETS, RODS, IN 


ANY COMMERCIAL BRONZE 


THE AMERICAN MANGANESE BROWZE COMPA 


Holmesburg, Philadelphia, Pa. 


In America’s Summer 
Playground 
Lots Help You Plan Your 


Sreatest Summer 
Vacation 
See Alaska’s Wonderland— 


The Matchless Beauties of the 
North Pacific Coast— 


Rainier National Park— 


Puget Sound with its 1000 Miles 
of Fairyland Shores— 


A note or postal addressed to us 
will bring a generous collection 
of Fine Northwest Literature 


New Washington Hotel 


SEATTLE, U. S. A. 
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